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(54) METHOD FOR MODIFYING CHROMOSOMES 

(57) The present invention relates to a method for 
producing a modified foreign chromosome(s) or a frag- 
ments) thereof, which comprises the steps of: 

(a) preparing a microcell comprising a foreign chro- 
mosome^) or a fragment(s) thereof, and transfer- 
ring said foreign chromosome(s) or a fragment(s) 
into a cell with high homologous recombination ef- 
ficiency thorugh its fusion with said microcell; 

(b) in said cell with high homologous recombination 
efficiency, inserting a targeting vector by homolo- 
gous recombination into a desired site of said for- 
eign chromosome(s) or a fragment(s) thereof, and/ 
or a desired site of a chromosome(s) derived from 
said cell with high homologous recombination effi- 
ciency, thereby marking said desired site; and 

(c) in said cell with high homologous recombination 
efficiency, causing deletion and/or translocation to 
occur at the marked site of said foreign chromo- 



some^) or a fragment(s) thereof. 

The invention also relates to a method for producing 
a chimeric non-human animal or a non-human animal, 
which comprises a modified foreign chromosome(s) or 
a fragment(s) thereof; the chimeric non-human or non- 
human animal; a recombinant chromosome(s) or a frag- 
ments) thereof, which is obtained by deletion and/or 
translocation of a chromosome(s) or a fragment(s) 
thereof; a method for modifying a foreign chromosome 
(s) or a fragment(s) thereof in a cell; an artificial chro- 
mosome vector, which comprises a centromere se- 
quence derived from human chromosome #14 and a 
recognition sequence for a site-directed recombination 
enzyme; and a recombinant chromosome(s) or a frag- 
ments) thereof obtained by deletion and/or transloca- 
tion of a chromosome(s) or fragment(S) thereof. 
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Technical Field mpntfs^ thereof The present 

ration * « ttn& c nre disrupted, use of the same, 

Jmri Is aflectsd or M. V unpotent c*ca» ^ ^ ^ hum .„ .*» 

so Background Art producing transgenic animals are 

ol alertilized egg (Gordon et al W . g chlmcric mouse CTakahashl et a . u ^ 

mice whereas it is retained , In 9 e J s a " d " ^ 0 f tran sgenic mice up to now. . , on 

range of these tecnniques. raament of about 670 Kb cioneu uuu o j fragment 
which have ever *een ^ 
(Jakobovits^ 

containing about 80 percern » t Genetics, 15:146, 1997). 1 1 mm f 1 2 Mb 

^Cc" ES - ^^^^ffl^b^ homologous 
fusing a YAC-reta.mng ye ^ ^ Gepet _ 1/ ,g, 19 g2) ■ ™ ' DNA fragment con- 
can be cloned on YAC (Den Dunn ^ ^ , n some cases, an recombinati0 ns 
niMA seauences occurs frequentry in ouuu.. a y , ln - m a complete form. In tan, cerm 
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[0007] In any event "° ^ n having a le ngth of at least 1 Mb^ fof antibody 

mice o, -^^J^^ genes which are desirably ^^^'Z^ Symposia on Quanti- 
[00081 Useful and ' ntere ^' ng 1994), f or T cell receptor (Hood rta, -'? 0 JJ*^ 84 . 8535 198 7), for dystrophin 
(Coo k eta...Na*r^ 

Gene. 135:167. 1993). an ^££^2J5y (NiRkei Biotec July, 5. 1993 , n ^ 

is impossible to for human dominant hereditary f^^^Z^e^o^e 

=c 0 ^» 

iocation of the genes ^JJ^ VtubW * meta P hase '^""^ISISm^ it is necessary 
method for selectee trans of a de sir ^ ^ g p)asma membrane. A few ™ Q| , indle 

100131 ^JT^^*^ thereby de,eti h n9 ILm^SZ^**"*^ 

so concentration of a selective .a a f decrea se in the ability of the target ^gen ft metnod is 

However, this technique hold 

into a germ cell because the uu** Jjne o jon resS ure is severe J 8 ^™ anotne rcase. 

c UltU red invivo for a long ^^SlXJ^^ Immunological ^^SiSS ceS is subjected 
icine, supplement. doub,e «" ""T Vs^lt iTaX^ntiated to produce 
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p.143-, 1989). 

[0016] The reasons are as follows 
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igi The reasons oo iwnv— 

cell was transferred into an undrff erentiated ES eel \ 2 47:707, 1 990). 

ES cell o «s senescence (Muller et al., Nature, 311 f*^ 1 chr0 mosome introduced into an early 

OnW few s "dies have been reported as.to whether a soma* eel derwea ce| ,. derlved chromosome 

eXo can function in the process of embryomc *r£«Z$^^ 

Tensure the expression of a specific gene m vanou tand. o ™ ^ DNA. The methylation is changed 
he ^o chromosomes is assumed to concern ^^"^Sn of tissue-specific genes has been sug- 

benormally expressed In a mouse B cell. ^ ^ ^ ^ g 

,00171 It should be noted that there are two related 

wSn 1 979) One report Is aboutthe production of ch,m * n ^^ , r0 m fused celte obtained by fus.ng a 

RKMskuUa Section 6. 1887). Although « has Met. ««« to , , , reprt , 0oc ,i, n ol these expeitmeht. has 
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Disclosure of Invention _^ HoH in trans- 

pluripotent cell by fusion with the microcell cnro mosome(s) or a f ragment(s) thereof .which 

2 A method for producing a pluripotent cell gaming a W fra g me nt(s) thereof and transfemng the 

i. .rther at least 1 Mb (one million base pa.rs). The foreign = nr ° m ° s ° me 0 f^mentCs) thereof may be induced 
;Sng nlibody^hem^^ 

torn a hybrid cell prepared by the f us.on of a ce from which the <° r *9 contai ning a foreign chromosome 

™) deled, w«h P a cel. having ^fS^J^^^^^ '^S 
M or a f ragment(s) thereof may be .nduced from a cell preparea oy fQ n cnromosome (s) 

he hybrid cel. with a cel. having a high ability to orm a nunctf J*e ce ce « having a high ability to form a 
or Xent(s) thereof is(are) derived may be a 
micrcL.maybeamouseA^^^^^^ 

stem cells, embryonic germ cells and mutants thereo h iv teQ endoge nous gene identical with or 

Sof contains I gene of interest and that the plunpote nt cell ha > a disrup * a|so fred that tne 

homotgo s to said gene of interest on the fore.gn ^T^^^L and that the p.uripotent ce.. has 
Sgn chromosome or fragment thereof. oontainsa ol interest on the foreign chromosome 
d nfpted endogenous genes identical wrth ^^^J^Zag^ gene identical with or homologous 
o fragment thereof. In the pluripotent cel.. one or both alleles ^of an en g a ^ ^ of jnterest may 

to 2 gene of interest on the foreign " ! ^^iboo> heavy-chain and lighten genes^ 

Tanantibody gene. The anttoodygene^ 

in the method of item 1 or 2, it « preferred that the tawgn enr d , mo a pluri p 0 tent cell having an en- 

Jterest and that the foreign chromosome or fragment hereof .trans ^ ^ g chjmera „ produced 
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expresses the genets) on i oteprogeny .Thecmm 

qe ne(s) onthetore,gn chram . ^ gene(s) on thelo 9 osomet s) o ^ ^ and the an.mai 

progeny, one or both al e es o be an antibody gen e. The (es , 

recombination. 
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J,* t« the expressed human antibody gene, me ciass of 

-- .- — — — 

^SSSJSKs: 

55 the steps of: 
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chromosome(s) or tragus) thereof is transferred into said p.uripotent ce, 

lE»illBII 

mmm 

steps of: 

bv mTna said chimeric non-human animal or rts progeny or sa.d non cnromoS ome(s) or fragments) there- 

comprises expreTsing a gene(s) on a foreign chromosome(s) o a fragment in ^ biologica „y act.ve 
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.14 fraqment The non-human animal is preferably a mouse. 

l0 0451 As used herem, the ^^J^ a moditi ed foreign chromosome(s ^„ ((or exarnple> a 

a target cell. When Pj*J^^i. to »ne cell where ^^ZZX^L, a chimeric 
duced chromosome n a ^romosome e g as g chfcken DT . 40 <* 0 Further. £ cnrom osome 

cell with high homologous reco^ 
non-human animal compnsmg a modrfe^ 

-=istS 
Hc=o^^^^ 

100461 The present ** «• P'° duced ' rom 3 ^ derived ^d speSes L which 

comprises the steps of. „ mont / B N .hereof , and transferring said 
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is an animal cell. 

5 The method 01 Hem 4, wherein said animal cell is a mammalian cell. 

,„„,, d «em 4 wherein said «** ceil k a "*»' 

6 Th «melhodo| 1 lem4.«n ^ int. a 

7 TO me«,, o. hem whe^n ^ veCrcniain. .« «M 

rrrrzzz. 

introduced. —nuence for a site-directed re- 
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« « -n, ™thnd of item 9 wherein a vector, which is capable of expressing a site-directed recombination enzyme 
TTed mt ^ sa rceilih h gh homol^ous recombination efficiency simultaneously with or after ■nsert.on of 

recombination enzyme is introduced. 

11. The method of htem 10. wherein said translocation occurs between a plulartty of foreign chromosomes orfrag- 

ments thereof. 

12. The method of item 11. wherein a plulartty of said foreign chromosomes are derived from the same species. 

13. The method of item 12. wherein said same species is a human. 

14. The method of item 11. wherein a plulartty of said foreign chromosomes are derived from different species. 

1 5. The method of item 1 4, wherein said species are a human and a mouse. 

1 6 The method of item 1 0. wherein said translocation occurs between a foreign chjomosomej) on a f ragment(s) 
thereof and a chromosome(s) derived from said ceil with high homologous recombmat.on efficiency. 

17. The method of item 9. wherein said site-directed recombination enzyme is a Cre enzyme. 

18. The method of item 9. wherein said recognition sequence for a site-directed recombination enzyme is a LoxP 
sequence. 

19. The method of item 1 . wherein said cell with high homologous recombination efficiency is an embryonic stem 
cell (or ES cell). 

20. The method of item 1 . wherein said cell with high homologous recombination efficiency is a chicken DT-40 cell. 

21 The method of item 1 . which further comprises a step of screening a cel. comprising said foreign chromosome 
(s) or a f ragment(s) thereof in which deletion and/or translocation has occurred. 

22. The method of item 21 , wherein said screening is based on expression of a marker gene. 

23. The method of item 22, wherein said marker gene is a drug-resistance gene. 

24. Themethodofitem22,saidmarkergeneisag^ 

Aequorea victoria or a modified gene thereof. 

25. The method of item 1 , wherein said foreign chromosome(s) or a fragment(s) thereof is derived from a human. 

26. A method for producing a chimeric non-human animal comprising a modified foreign chromosome(s) or a 
fragments) thereof, which comprises the steps of: 

TeV ^eTuTsM celLh high homologous recombination efficiency, thereby marking sa,d des.red 

SK, said cel. wfth high homologous recombination efficiency, causing de.etion and/or translocation to occur 
It the marked site of said foreign chromosome(s) or a fragment(s) thereof; and nr 

tent non-human animal cell through its fusion with said microcell. 
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. • ^h.r.in a olurality of said cells with high homologous recombination efficiency are 

^fe^ 

28 Themethodofitem 2 ,wher^ 

SnsT a distinct foreign chromosome(s) or a fragment(s) thereof, 
a desired site by insertion of the targeting vector. 

»™^-.-»^-.-----'--~- - -" , ^" 6,, " l ~ 

duced. 
vector. 

33. ^ ^ - - — - — — ™* — ' PlU "' W °' " " 

fragments thereof. 

sequence. 

cell (or ES cell). 

40. The method of Kern 39, wherein said screening is based on expression of a marker gene. 

41 The method of Kern 40, wherein said marker gene is a drug-resistance gene. 

4 2T hemethodof rt em 4 0,thema^ 
Aequorea victoria or a modif ied gene thereof . 

..Themethod of Kem 2 , wherein in the J— SSS^ 

combination efficiency; said ^^^^ SK?ih said microce.1; a microcel. Is produced 
cation has occurred is transferred ,nto a CH» u n fragrne nt(s) thereof in which deletion and/ortrans- 

44 11 , em «h 1 »<..tn«n26. S .l<.pW«»o.e™ce»l S a r .m t ,^lc8»mcell(.rESeell). 
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46. A method for producing a non-human anima. comprising a modified foreign chromosome(s) or a fragments) 
thereof, which comprises the steps of: 

site ; offiripnrv causina deletion and/or translocation to occur 

(c) in said cell with high homologous recomb.nation eftaency, causing oe 

*the marked site of said foreign C hromosome(s) or a *-^> J^jJ^ tnereol , in wnich deletion 
Lgg derived from a homologous non-human animal of the same speaes. 

T he method of item 46 wherein a p.uralrty of said cel.s with high homologous recombination efficiency are 
S^^l ceTfuL after steps (a) and (b) and are subjected to the step (c). 

48 The methodofitem47.whereinap.ura.ity of saidce.tew.th high homologous recombination effte.encycompr.se 
a distinct foreign chromosome(s) or a fragments) thereof. 

4 9Themethodo,item46.where,sa.dta^^^ 

a desired site by insertion of the targeting vector. 

50. The method of item 49. wherein said de.etion occurs at a s.te into which a te.omere se.uence has been intro- 
duced. 



vector. 



is introduced into said ce.i with W™^™^ S Recombination enzyme, so that an 
said targeting vector compns.ng sa d ^2^, resulting in de , e , io n and/or a translocation of sa.d 

Sc;riir« 

53. The method of *em 52. where, said trans.ocation occurs between a p.u.arity of fore.gn chromosomes or 

fragments thereof. 

55. The method of item 51 . wherein said srte-directed recombination enzyme is a Cre enzyme. 

56. The methodofKemSt.wherein said recognition sepuence for a site-directed recombination enzyme te a LoxP 
so sequence. 

57 . Themethodof«em46,whereinsaidce.^ 
ceil (or ES cell). 

„ 58.Themethodo,nem46.v*ereinsa.dce.^^ 

59 The method of «em 46, which further comprises a step of screening ceiis containing a foreign chromosome(s) 
o?a?ragment(s) thereof in which deletion and/or translocation has occurred. 
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6 0. -n,. ™, h oo ««, * — • -» — « * — - '"<""*'" °™ 

crocell. 

a blastocyst. 

e,™— — — ««— — 

adult. 

(s) or a f ragment(s) thereof. 
plumBy ol foreign chromosomes or !rao.m.nts thereof. 

„ . -n,. — n a— - « * - * '"° mbl " an, a "° m ™™' " a9me *' """"^ 

72 „ _ — - « ™. ^r, —~ * ' — 

tained in the nucleus of the non-human animal cell. 

„. The »,h U r™ o, ... 70, .herefn ,o — . «- . — - — « — 

chromosomes #14 and #2. 

chromosomes #14 and #22 

76Tne non-human animal of «em^^ 
heavy-chain and a light-chain A of a human ant.body. 

77Tn eno,humananima,of«em 7 0^ 
Jeavy-chain and a light-chain k gene of a human anttoody. 

78. The non-human animal of item 70, which is a mouse. 
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79. The non-human animal of item 70, which is an ungulata. 

80. The non-human animal of item 70, which is a bovine. 

81 . The non-human animal of item 70. which is an ovine. 

82. The non-human animal of item 70. which is an avian. 

83. The non-human animal of item 70. which is a chicken. 

, „~ m «n«e'* thpreof obtained by deletion and/or trans- 

and into which 

said desired site; and „„ m hi„ a ,i on efficiency causing deletion or translocation to occur at 

lC ) in said cell with high homologous ^combination eflc.ency caus g 
ihe marked site of said foreign chromosome(s) or a fragment(s) thereof. 

tion enzyme is a LoxP sequence. 

-■ 

(s) or a fragment(s) thereof, into which 

at least a part of a human chromosome. 
mosomes#14and#22. 

9 „. ™ e— or • — * - - » ~ h " S9m,m! 01 BU ™" eh, °' 

mosomes#14and#2. 

so and a light-chain X of a human antibody. 

«. T»e ,»*«. ««»- « » «— - - * * ' M8V, ^' n 

and a light-chain k of a human antibody. 
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Brief Description of Drawings 
[0049] 
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shows, ha, *u™ = 

F rrSht^ 

h-man chromosome «2 E« on, . «- POP 

mLme M-mnslerred El 4 cell done (So*em human L, sequer*. is reuined in a chirrs* mouse 

eSmenc mouse produced *»" • human TZ^MmmISkJ* 641.. 

13 sh^We* »^««>"°' lgM^"i^m o, « human senrm a""" 1 * (hereinafter telerred 

sri^rrr™r.,=K r «^ 

rr, b . ^> - — p"— — 9 r ae,e * n °' L1 m * mm '" " """"" 
^,^.,0^0*0™.,.^ 

2£ as • ONA tragmen, .0 he '"^^^T3'6~»»««^-"^»^ 
Fig. 28 is . photograph .1 e resistant clones derived therefrom. 

F e „Ts^S^~^ - — - S — b " ^ - """" 

antibody light-chain homologous recombinants. 

Fig. 30 shows the structure of +°f*f^*£± D ™ or a probe for use in the southern blot analysis of 
Fig. 31 shows a mouse antibody light-cham k »Xfi^^M»<l«rt«l in homologous recombinants, 
genomic DNA from transformant TT2F cells. ^^^i^S^tS ZSL of Southern blot anaiysls o. high 
Fig. 32 shows a photograph of electrophores* £*m. »wmgthe es homologous recombinants. 

issr ^xss^^ - — in a — of an HSA - 
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Ti^.SSSSJSi- -suit * FISH ana.ysis of an antibody heavy- and .ight-chains decent mouse ES 
cell clone retaining partial fragments of human chromosomes #2 and #14. _ < HSA- 

F t S shows that the antibody titers of anti-HSA human lg antibodies are increased in a serum of an HSA 

^3^.t!S^"B *e resuit of FISH ana^sis of a mouse A9 cei. containing human chromosome 

Jig 4 SrjS- - «« ana*s* - . ™use AS cei. containing human chromosome 



pf/si shows the results of analysis for stability of human chromosome #1 4 fragments in a nnm^ 
Fig 40 shoTs the results of PGR analysis of a G418 resistant hybrid celis reta.mng human chromosome #22 

( 4 a9 4 n ;is nt aphotographshowingthe results of FISH analysis o. an A9 cell retaining fragmented human chromosome 
of a mouse. 

Fig. 45 shows the structure of pBS-TEULIFPuro. ._,....„„ 
Fig 46 shows that human chromosome #22 is retained in a chicken DT40 cell clone. 
Fia 47 shows the Identification of homologous recombinant in LIF locus. 

^howsanincreasein^ 

Fig. 51 shows the response to ASIALO-GM1 in chimeric mice. 
Pin R9 ehows the response to GM2 in chimeric mice. 

F a S sSows Z results of FACS analysis for single TcMO mouse peripheral blood nuclear ceHs. 

Fig,58 shows the outline of the production of human artificial mice . 
Fig 59 shows the outline of production of human artificial chromosomes X ■ HAC and k - HAC .ntroduced m.ce. 

Rg^'shl the structure of a targeting vector P HCF2.oxPHyg(R) and a method for Identifying a homologous 

R^ows the structure of a targeting vector p R NR2loxPbsr and a method for identffying a homologous re- 

pr^shows the structure of a targeting vector P YHZ.oxPHvg(F) and a method for identifying a homologous 
recombinant. 

?r 6 ™e=^^ 

Fig 0 ?' shot the structure of a targeting vector P TELPuroCD8A(R) and a method for identifying a homologous 

RgTelhol the presence of a geneUc marker on human chromosome 2 and , he presence of a genetic marker 
on human chromosome 2 in a clone CD1 0 in which telomere was mmcated at CD8A locus. 
Fia 69 shows the results of FISH for the clone CD1 0 using a pGKPuro probe. 

P J 70 ho- L structure o, a vector. P BS185hisD, for stable expression of Cre and of 

pig. 71 shows the structure of an artificial chromosome after translocation between loxPs of RHF clone and 

Rg R 72s n hows PGR identification for confirming the structure of a genomic region after translocation between ioxP 
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in RHF clone and confirming the translocation. 

Pin 7i shows the results ot PGR for confirming translocation. 
J l\ TZl he Suits ot FISH for RHF clone using a pGKPuro probe and a Uqter specific probe, and results 
S» using a chromosome 22-specif.c probe and a chromosome 14-spec^ probe. 

Rg ™ ^shois a nsTin anti-HSA human Ig, antibody t*er and in IgX antibody titer in the sera of HAS— ed 

chimeric mice C-10. 

Best Mode for Carrying Out the Invention 

rnncm thp nresent invention will now be described in detail. 

chromosome(s) or fragments) thereof can be produced by 

„, „„„.Hr.o e chromosome donor cell »l*h retains a lebeled hum.n chromosome or e fragment thereof; 
$ San chromosome or.ragmen, thereo. in,. . munne plurlpoten. cell by microce. fusion; 

Si E - T"^^™ — —ane.moose^ahoman— me,s,»a 
K« ™>,h1reo,Lll or par, of «s normal ..m.«c ■* The rr ™,ee> P reseesth.ge„e W on.™u,™n chromosome 
Is) or a tragmentts) thereof in all or pan ol Us normal somatic cells. 

(,) Preparation ol a chromosome dono, cell which retains a labeled human chromosome o, a fragment then»f 

SSTSr^SfSS ' man norma, cells' have a very .ow ability to form mteroce.ls *. whole ce of the 
KLant mav be fused with a cell having a high ability to form microcells such as mouse A9 cell (Osh.mura. M 
transformant may be fused wun g a transforme d cell with an ability to form rrucrocells. It .s 

knTn thai ^ cells, human chromosomes selectively disappear. The fused cel. selected by the 

[0059] in oraer o me ^ ^ meet ^ three condmons , }> 2) and 3) 

Ze Tntma Z^TcSSSi « be identHied in the fina.fy obtained mouse-human monochromosoma 
h7ndclbyP?R^^ 
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et al Current protocols in molecular biology. John Wiley & Sons, Inc., 1994), FISH analysis (Fluorescence In Situ 
Hybridization, Lawrence et al.. Cell. 52:51 , 1 988) and the like. It the transfer of a specified chromosome is des.red. the 
above procedures are applied to each of many human cell transf ormant clones to select a clone in which a chromosome 
of interest is marked. Alternatively, the above procedures are applied to a mixture of human cell transformant clones 

s and the identification of human chromosomes is carried out on a large number of the resulting mouse-human mono- 
chromosome hybrid cells. ..... , -unwi 

[0060] In addition, a marker gene can be inserted into a desired site by homologous recombination of a specific DNA 

sequence on the chromosome which is to be transferred (Thomas et al., Cell. 51 :503, 1987). 

rooVll A microcell prepared from the mouse-human hybrid cell may be irradiated with rrays such that the marked 

10 human chromosome is fragmented and transferred into a mouse A9 cell. Even if the microcell is not irradiated with T 
rays a partially fragmented human chromosome may be transferred at a certain frequency. In these cases, the resulting 
microcell fused clones retain partial fragments of the marked human chromosomes. These clones can be used when 
it is desired to transfer the partial fragments into recipient cells. _ _ 

[0062] Human chromosomes to be introduced into ES cells may be modified by deletion, translocation, substitution 

15 and the like. Specific procedures for these modifications are as follows: 

1 ) In each of the steps of preparing the aforementioned mouse-human hybrid cell, inducing a microcell from the 
mouse-human hybrid cell, further fusing the microcell with a mouse A9 cell, inducing a microcell from the further 
fused cell and fusing the latter microcell with a mouse ES cell, deletion and/or translocation of human chromosomes 

20 may occasionally occur. Cells retaining such mutated chromosomes are selected under the microscopic observa- 

tion of chromosomes or by use of PCR, Southern analysis, or the like. A clone retaining a desired mutant chro- 
mosome can be selected from a mouse A9 library retaining various human chomosomes. A clone retaining a 
desired mutant chromosome can be selected from A9 or ES cell fused with a microcell induced from a mouse A9 
cell retaining a certain human chromosome. The frequency of fragmentation of chromosomes can be raised by r 

25 ray irradiation (Koietal., Science. 260:361, 1993). 

2) A targeting vector retaining a loxp sequence that is recognized by Cre enzyme is constructed. A clone into which 
a loxp sequence has been inserted at a desired site on a chromosome is obtained by homologous recombination 
in a ceil retaining a human chromosome. Subsequently. Cre enzyme is expressed in the cell of the clone to select 
a mutant having chromosomal deletion and/or translocation caused by site-directed recombination. See 
WO97/49B04 and Smith et al., Nature Genetics, 9:376. 1 95. As a host into which a targeting vector is to be intro- 
duced, a cell allowing for high-frequency homologous recombination such as a chicken DT40 cell (Dieken et al.. 
Nature Genetics, 12:174, 1996) may also be used. 

3) A targeting vector retaining a human telomere sequence is constructed and the telomere sequence is inserted 
in the cell at a desired site on a chromosome by homologous recombination in a cell retaining a human chromo- 
some After a done into which the telomere sequence has been inserted is obtained, a mutant having deletion 
caused by the telomere truncation is obtained. See Itzhaki et al., Nature Genet.. 2, 283-287. 1992 and Brown et 
al P N AS 93-71 25 1 996. As a host into which a targeting vector is to be introduced, a cell allowing for high- 
frequency homologous recombination such as a chicken DT40 cell (Dieken et al., supra) may also be used. Tel- 
omere truncation of human chromosomes in a chicken DT40 cell is first disclosed in the present invention. Brown 
(supra) discloses that a vector was inserted into a repeat sequence on a chromosome. However, no specific site 
can be targeted. Itzhaki et al. discloses that tumor cells, i.e., 1 2000 cells of cell line HT1 080 into which a telomere 
sequence was introduced were analyzed and 8 homologous recombinants were obtained. They found that out of 
the 8 cells only one caused deletion by insertion of the telomere sequence. For some kinds of cells, results were 
reported that no mutant having truncation was obtained by insertion of a telomere sequence into some kinds of 
cells (Barnett et al., Nucleic Acids Res.. 21:27, 1993). In spite of this report, the inventors believed that it was 
necessary to increase the absolute number of homologous recombinants in order to obtain mutants having trun- 
cation and made an attempt to perform telomere truncation using a chicken DT40 cell as a host. As a resuit. it was 
surprisingly found that truncation occurred in all of the 8 homologous recombinants obtained. 

50 [0063] As mentioned above, a gene that should not be expressed in a human chromosome-transferred mouse can 
be removed by modification of a Introduced chromosome. If the size of a chromosome to be transferred is shortened 
by fragmentation, the chromosome fragment to be transferred can be transmitted to progenies of the chromosome- 
transferred mice. In addition, using chromosome translocation and substitution techniques, genes derived from a plu- 
rality of chromosomes can be expressed on the same chromosome fragment and portions of a plurality of genes on 

55 the chromosome fragments can be replaced with different genes. In other words, foreign chromosome fragments can 
be used as vectors for transferring genes into individual mice and their cells. 

A more detailed description of a method for artificially modifying human chromosomes will now be given. 

[0064] To date, an accidentally fragmented human chromosome or a full length human chromosome has been m- 
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. . . . m„...,« r-^ot ifi- n3 199T» In this case, some of the introduced human 
troduced into a mouse (Tomizuka et al.. ^^^^^^^ S o that a human chromosome- 
chromosomes may be unstable .n a mouse or ^rfhttd^ij^^ human chr(jmosome 

Educed mouse it^ 

cannot be transmitted to its progeny since the P^ 1 ™-™ » Tomizuka et al. reported that male chimeric 

,o inhibit meiosis (Tomizuka et al., Nature ^^^^J^^^Zn^m 14 (about 100 Mb) became 
mice retaining a fragment which contains a regie '^^^S^t^^ ^ ^ 
infertile, and this fragment was not transmuted to P^j"*^ be £ t0 20 Mb; Rastan. Nature 

chromosomal fragments, such as a fragment W2 » * t£^8S?«Ln«om; 14. (somewhat 

romosoma. f rigments may increase the poss«y ^^^^SSZ^^ stabfy retains it, and 
!-n^ 

stablechromosome.Thesetechniquesarecalledchromosomeeng y, pnrioaenous 

mouse chromosome 

a mutant mouse having a modified chromosome. ^ . aaB ^^^^^ n) between homologous chromo- 
mainly in a mouse ES cell (WO 98/54348). « * W>J « ^^JS^ (ftltolr-W- a... Nature 
somes so as to cause deletion, .nversnn. or ™l*leatton of a J suc \, „ a mouse , having a human 

378: 720. 1 995). There have been no reports on P^^ n _^^^ a ^J^ tnat an artificial chromosome 
chromosome(s) artificially modified in Zluan cel.. has been developed 

antibody gene cluster is cloned as an example. _ light-chain and k light- 

progeny of chimeric mice. 

A. Modification of human chromosome 22 

[0067) A human antibody Xlight-chain gene c,u^ 

Collins et al., Nature 377: 367, 1995). To use only ^^^^^^^ rec ombination into LIF locus 
artificial chromosome, first, a human telomere sequence is ^^^ Z^irecXe^^muXo^a^e 
closely linked to a X light-chain gene cluster ,n the te^ 

chromosome (for examp.e. Kuroiwa et al Nucleic Acid "« M i^ 7 J^ n N 3S into the HCF2 locus close* 
sequence, of a recombination enzyme, Cre. .s inserted ^.^^^cSSaAF fragments are used for the 
.inked to the X light-chain gene cluster in the centromere side. "J^^L^an-ic regions on the 
production of artificial chromosomes. By cloning only ^^^^^^^S^fS) and Digeorge syn- 

Tm^^^^ 
can be eliminated. 

B Modification of human chromosome 2 
is used for production of artificial chromosomes. 
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C. Modification of human chromosome 14 fragment SC20 

* a **„„™«t cr^n ic rptained aimost 1 00% in a mouse and can 
[M69 , II has been «h«wr, «,., human c ™~ « '^fj^ ' a ' a S *.m.sbme vactor. Tha, 

and Dieken et al.. Nature Genet., 12: 174, 1996). ( f raamen « screened from a monochromosome hybrid 

[0071] Furthermore, it was found that human chromosome 2 '^^ ) ~™ n "' rt (Nature Genet., 16: 133, 
Li. library that has been constructed by the mouse ES cells, which 

1997) was also very stable in a ch.menc mouse. That », a ch *"JJ£m. 95 % or more ). The retention 
retain chromosomal fragments containing most '^^^^Z^ this chimeric mouse were 

artificial chromosome vector, as in the above SC20. 

DTr ans.ocationofHCF2-.gX-L,F^^ 
chromosome 2 onto SC20 by Cre-loxP system 

.. . Ranri r a hove aC hickenDT-40cell,whichretainseitherafragmentofthemodir.edhuman 
[0072] As described in A, B and C above a cmcxen i u m -™ - w . tragme nt of human chromosome 

chromosome 22 or 2, or a modffied SC20 . produced, ™»«*h». HCF2 IgX ^ag ^ 
22 orcosYHZ304-lgK-CD8A fragment of human c ^°mosome 2 onto^ SC2 J 

cel.s, each retaining either one modified human tne materia.* required 

hybrid cell retaining two modified human chromosomal fragments is produced, minis y. 

for translocation are prepared. translocation. The recom- 

Next, the Cre recombination enzyme .s expressed ^^^"^^^ „ reported to be very low (forexample. 

must be devised. , ♦ q-v?r 1 qq*v> succeeded in causing translocation to occur 

[0073] in recent years, A. J. H. Smith et al. (Nature Gene 9^376 ]^ u ^°^ ^ ^ a ion on tne 5 , 
between chromosomes 12 and 15 in a mouse ES eel us "9 ** ^ . 
side (including loxP) and a portion on the 3> "J^SSffi ES ce "' respectively, by ho- 

12 and 15 in a Hprt (hypoxanth.ne - guan.n - ^^^^^2 Sanation occurs between loxPs after 
mologous recombination. Since a Hprt gene .s ^^' u ^ 
the transient expression of Cre. the ES cens can g^^^^^^^^ 

cell and allows rapid concentration of target cells. _ Qe ^ . 229i 

[0074] in recent years, a GFP (Green Fluoresce* Protein ' ^^^^fj^e bee n developed as reporter 
992)andamod«iedgene thereof (forexample •^^^^■^^S^Z substrate and GFP can be 
genes for introduction of a gene into an animal cell. Since > «n»s.onol GFP requires ^ Qpp ^ 

detected with fluorescence, live cells can be monrtored hort ^ E w^*e * P ^ ^ Qf pACS 

,ow, GFP is gradually accumulated to a detectabl Jevel n a eel because of rts sta ny 

allows detection of very weak fluorescence. Therefore, in ™ e ^"; a ^ 9 jnserted tner with loxP int o 
marker for loxP recombinant. For example, a ^^"^12. GFF^fe inserted together with loxP into HCF2 
RNR2 locus on SC20, and ^^^SSt^^ on chmmosome 2. When recombination be- 
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selection using a drug. a « umed that the Cre recombination enzyme is expressed stably, not 

To increase the recombination frequency, « » ^ may g0 bac k to the initial state by re-recomb, 

transiently In this case, a chromosome, in which translocation occurs , , chr omosomes occurs from 

n't ?re-trans.ocation) but with a recombination enzyme, or strict 

each other. Hence, such an experiment V^^^^XZ invention, a target human artificial chro- 
control over the expression of Cre r ~ omb '"^ CHO cell immediately after translocation 

mosome, in which translocation occurs, »^X^!^^^n after referred to as "MMCT."), so that the 

"es iia non-human eel, (a chteken DT-40 -elUn ^nvention)^ q wM and translocati0 ns 

[0 075] As disclosed in A, B, C and D above, the us id ^ ^ °' 1 ft , cloning of human chromosomal 

Lween chromosomes by ^^J^^S^^^ *• ^ °" StaWe ^0 chromosome 
fragments with any (exceed.ng the cloning ^ system. The human artificial 

vector Thus the inventors can announce a human artific.a J °™ omos , chicken DT ^ 0 cells because the 

chromosome-constructing system as disdosed herein • P^J^^,^. 0 n the other hand, a mouse ES 
frequency of homologous recombination isvej low ^^^^^ other than chicken DT-40 ceils 
cell is known as another animal cell with a high frequency of homo '°9°" s ' mouse ES oells can also be used in 
(Shintehl Aizawa, Bio Manual Series 8, <^J^™£^l££Z culture mouse ES cells, which 
constructing human artificial ^^^TSS — «*n in an undifferentiated state, complex pro- 
have an ability to differentiate ,nto ™« t ?^^^ (Shinichi Aizawa. supra). Furthermore, mouse ES 
cedures like culture of vegetative cells, and other stalk J introduced (W097/07671). Accordingly, chicken . 

srr:i::r^r»rr^rir.s — . — — . . - - « 

problems as described above. chr0 mosomes as illustrated in examples, the translocation of a 

P . , oennpnre of a site-directed recombination enzyme is inserted by 

(1, A recognition sequence, for example ■ J^J^^ * E scl A targeting vector comprising the loxP se- 
homologous recombination into a <*™~^*^^ as the following QFR A preferab.e insertion srte 

S Tne^g pTedures A and B are performed in chicken DT-40 ceils whfch retain human chromosomes 
containing desired regions. , e , ome re side of a desired region on the human chromosome to 

telomere of said human chromosome. seQuence is inserted on the centromere side of the desired 

f^nch— . 

human chromosomal fragments are t^«™^* - ^ mou e ES ceil comprising the human chromosome 
(4 ) Site-directed recombination enzyme v**™^™^^ recombination occurs between the loxP 

or a fragment) as prepared in (3) ^p'i «^tSS?»- ^ * «P«— *• ™* °* 

sequences, the promoter sequence and GFP gene are jomeo a 

can be selected. 
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cells (a kind of cancer cell), most were transferred in a fragmented state. When the inventors tried to transfer human 
chromosomes from chicken DT-40 cells into mouse A9 ceils and the like, however, fragmentation was observed for all 
the human chromosomes and no intact chromosomes could be transferred. However, upon transfer into Chinese ham- 
ster CHO cells, the inventors found for the first time that intact human chromosomes can be transferred. Therefore, 
the human artificial chromosomes prepared by this human artificial chromosome-constructing system, are temporarily 

transferred to CHO cells. ^.c^coeft 
CHO cells are known to form microcells efficiently as mouse A9 cells do(for example, M. Koi et al., SCIENCE 260: 
361 1993). It should enable us to transfer human artificial chromosomes from CHO cells to mouse ES cells and to 
produce chimeric mice retaining the human artificial chromosomes. Furthermore, it is known that SC20 fragments 
themselves can be transferred to progeny. Thus it is naturally expected that human artificial chromosomes (X. k - HAC) 
produced by this system using these chromosomal fragments can be transferred to progeny. 
[0078] In the afore-mentioned report of Tomizuka et al. (Nature Genet., 16: 133, 1997), the human chromosome 
introduced into a mouse was derived from a human fibroblast. After introduction into a mouse ES ceil via a mouse A9 
cell it was functional in both a chimeric mouse and its progeny. Expression of the human gene on the introduced 
chromosome at the transcription level and the protein level was confirmed for, for example, a human antibody gene 
(Tomizuka et al., Nature Genet., 16: 133, 1997). To date, It is still unknown if human chromosomes introduced into 
mouse ceils via the cells of Aves, which is evolutionally distant from mammals, can keep their ability to function in 
mouse cells Moreover/apart from being derived from birds, chicken DT-40 cells have a very high homologous recom- 
bination efficiency (Takeda et al., Proc. Natl. Acad. Sci. USA, 89: 023, 1992). That is, a human gene on an introduced 
human chromosome may be inactivated by gene conversion between the human gene and homologous bird gene on 
a bird chromosome. Concerning this problem, there is only one report (Dieken et al., Nature Genet., 12: 174, 1996) 
that when human chromosome 11 was transferred to a mouse MEL cell via a chicken DT-40 cell, transcripts of the 
human p-globin gene were detected. There is no report on the expression of a human gene at the protein level and 
the function of expressed human proteins. 

This invention shows that a human gene on a human chromosome transferred via a chicken DT-40 cell, and a protein 
encoded by this gene are functional in a mouse. Human immunoglobulin X chain protein was detected in the sera of 
chimeric mice retaining human chromosome 22 fragment (comprising a human immunoglobulin X chain gene) that had 
been genetically engineered in chicken DT-40 cells. Furthermore, in response to immunization with human serum 
albumin (HSA), increased antibody titer including antigen-specific human X chain was confirmed. That is, the expressed 
human immunoglobulin X chain protein is present as a constituent of a functional antibody molecule. 

(2) Transfer of the human chromosome or fragment thereof into a mouse pluripotent cell 

[0079] It has been reported to date that an embyonic carcinoma cell (EC cell, Hanaoka et al., Differentiation, 48:83, 
1991), an embyonic stem cell (ES cell, Evans, Nature, 292:154, 1981) or an embyonic germ cell (EG cell, Matsui et 
al Cell, 70:841 , 1 992) that are derived from various strains of mice contribute to the normal somatic cells in mice, or 
are capable of the production of chimeric mice, by injection into or coculturing with a mouse early embryo. ES and EG 
cells have a very high ability in this respect and in many cases, they also contribute to germ cells thereby making ft 
possible to produce progenies derived from the cells. EC cells can be obtained predominantly from teratocarcmoma; 
ES cells from the inner cell masses of blastocysts; and EG cells from primordial germ cells appearing at the early stage 
of embryogeny. These cell lines and their mutants, and any undifferentiated cells that are capable of differentiation into 
all or part of the normal somatic cells in mice can be used as recipient cells for the transfer of human chromosome in 
the present invention, in these recipient cells, for the purpose of achieving advantageous expression of a human gene 
to be introduced, a gene or genes such as a mouse gene homologous to the human gene can be disrupted in a chimeric 
mouse or a chimeric-mouse derived tissue or ceil by using homologous recombination in gene targeting (Joyner et al., 
Gene Targeting, 1993, IRL PRESS) or other techniques. 

[0080] The microcells prepared from the human chromosome donor cells obtained in item (1 ) or the microcells irra- 
diated with y - rays can be used as materials for the transfer of human chromosomes into the recipient cells. The human 
chromosome can be transferred into the recipient ceil through fusion of the recipient cell with the microcell by the 
method described in Motoyuki Shimizu, "Cell Technology Handbook", published by Yodosha, 1 992.The microcell donor 
cells retain markers by which human chromosomes or fragments thereof can be selected in the recipient cells. The 
clone containing a gene, a chromosome or a fragment of interest can be selected by PCR, Southern blot analysis, 
FISH method or the like in the same manner as in (1), thus all kinds of human chromosomes or fragments thereof can 
be transferred. Moreover, if several chromosomes or fragments thereof which contain different selection markers are 
transferred sequentially, a recipient cell retaining these chromosomes or fragments at the same time can be obtained. 
In addition, clones having an increased number of the transferred chromosome can be selected from the clones into 
which the human chromosome has been transferred. Such selection can be accomplished by increasing the concen- 
tration of a selection drug to be added to a culture medium. 
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chromosome retains the whole or part of. the f^" 1 ^^^^ extracted from the selected recipient cell, 
niques may be employed: Southern blot '^^^^^S^ an , 1988) or a human gene used 

(3) Production of a chimeric mouse from the human chromosome transferred ES cell 
roo*, Themethoddescnbedin™ 

Yodosha. 1995 may be used to produce ch.menc ^^^^ nost embryo and its strain, it is desired 
efficient production 0. chimeric mice. ^££*£Z^J£!£ For example, 8-ce.l stage embryos derived 

pTSeLdTrz ell (agouti, Vagi a A, wain** B«chan«l.y, 214.70. 1993). 

2,„l„ ICAUsubel « al.. SUP-a) ulng RNAs *™* <«»» "^^"^^its 1 OTI-hu™ n protein an.B.d, 

and Ando. Ki-.h«H h» Knriansha Scientific 1987; Ishikawa. "Enzyme immunoassay 

•Monoclonal Antibody Experiment Manual" western blotting (Ausuel et al., supra), iso- 

with Superhigh Sensitivity", published by ; Gale ^822^^^' *n J. CancerRes., 80:413. 1989) or the 
zyme anarysis uti.izing the difference „ ^^tTc^eric £ and he expression of the gene on the human 

Lining human chromosome #14 on which a gene or urn an ^X^^S^ enter into cross reaction 
enzyme immunoassay using an anti-human * ^ ^o^obulin heavy chain can be obtained by 

with mouse antibody. Hybridomas «P^£^3£ *£ZZZ*J«h a human-derrved antigen (e.g.. HSA) 

Experiment Manual", published by K 0 *" 8 ^^"^ of the preS ent invention has been explained above 
[0086] The method for producmg a ch.menc "^^r^Z^ a fragments) thereof and expressing the 
with reference to the case of a mouse retaining a « ^^S^'chnmLn-. or fragments thereof to be 
gene(s) on the chromosome(s) or fragments). In the preset : ^ ^ jnc)ude flny fore , gn 

Trans e red into chimeric non-human an.mals are not lHn ^^ m ^^ B ^ mm) ^ which is transferred into 
chromosomes andfragments thereof.The term fore,^ 

a pluripotent cell and. subsequently, the gene on ^(or (^ao^t th«w P ^ ^ kinds of 

animal. The organism species from which the fore.g ' of the present invention. ES celts or 

chimeric animals such as chimeric rat and p,g can ^^^^^ {immBC Jn B e t al.. Dev. Biol., 1 63, 288-. 
ES-.ikece. b derWedfromanima.sother» proc ^ M USA . 91. 

1994). pig (Wheeler et al., Reprod. Fert.l. Dev.. 6, 563-. 1994) ano do i Transgenic Animal". Protein 

ISaiw 1 994) and attempts have been made on c=od0 nt y „ kr J n ^ sheep is devel- 

Nucleic Acid Enzyme, October, 1995. Speaal ^P^^^X^, ES-Se cel. (ED cell) or epithelial-like ce.l 
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the chromosomes or fragments thereof in the same manner as in the case of mouse. 

008* S rapid progression of nuclear transplantation technology allows us to use the somafc cells from a 
etus or aduT2e dLentiated than the above ES or ES-.ike cells, as donors for nuclear trans^^ 
Tl 11 that viable progeny could be obtained by nuclear transplantation into unfert.ltzed eggs using mammary 
afandrSls o a aduS (Wilmu. et al., Nature. 385: 810. 1 997). the fibrob.asts of a fetal calf (Schnieke et al.. 
tiSc 2^13^1997) orthe cumulus cells of an adult mouse (Wakayamaetal.. Nature, 394: 369, 1998) as donors 
» ^e f^i^ UhnW. et a.., supra) and transgenic bovine (Cibe.li et a. Science 280 1256. 19 98) 
can also be generated using somatic cells, into which cloned foreign DNA has been .ntroduced as honors. 
WW Therefore, it is concluded that nuclear transplantation using somatic cells, into wh.ch fore.gn 
orfoTeion , recombinant chromosomes havebeen introduced, as donors enablesthe generate of an animal that reams 
and ex^reieste foreign chromosomes or the foreign recombinant chromosomes. This can be done, for example by 
the following procedures (1) to (5). 

(1) The following steps A and B are performed in a chicken DT-40 cell that retains human chromosome 22 com- 

O^Te^ 

J ^SSon sequence of a site-directed recombination enzyme, for example a loxP sequence, is inserted 
on the c n 3 re side (for example HCF .ocus) of the IgX region on human chromosome 22. A targeUng vec or 
comprising the loxP sequence comprises a promoter sequence for the express.on of a marker, such as a GFP 

?2?A chickTo^Tcell retaining human chromosome 14 fragment SC20 in which a loxP sequence and GFP 
gent asserted on RNR2 locus'and the chicken DT-40 cell produced in (1) above is subbed to the whole xeH 
fusion ^hereby obtaining chicken DT-40 cells retaining two types of human chromosomal fragments at the same 

I^The site-directed recombination enzyme is expressed in a mouse ES cell retaining the human chromosome 

sue dTrSed recombination occurs between the loxP sequences, so that the GFP is expressed. That .s, chK*en 
DT-40 cells comprising recombinant human chromosomes resulting from translocation can ^ selected. 
(4) The recombinant human chromosome (fragment) as produced in (3) above ,s transferred to a CHO cell by 
MMCT A microcell is induced from the CHO cell retaining the obtained recomb.nant human c^omosome frag- 
mem) and then the microcell is fused with, for example a fibroblast derived from a fetal calf. These fibroblasts 
retaTrii'ng the recombinant human chromosomal fragments, can be selected by. for example the express.on of a 
drua-resistant marker, present on the recombinant human chromosome. 

S transplantation using the fibroblast derived from a fetal caK. retaining the recombmant human ^^chro- 
mosomal fragments obtained in (4) above as a donor, and using a bovine unf etthzed egg as a "CV^rt™. 
megelrationofabovine and offspring retaining and expressing the recombinant human chromosomal fragments 

(Cibelli et al.. Science 280: 1256. 1998). 

ro0891 In the present Invention, pluripotent cells into which a foreign chromosome(s) or a fragment(s) thereof are 
Sirred are not limited to the ES cells. EC cells and EG cells mentioned above. For example. ,t « poss,ble to transfer 
! I fo^7chromosome( S ) or a fragments thereof into bone marrow stem cells. If these bone marrow stem cells are 

transDlanted into a living organism, hereditary diseases, etc. may be treated. 

KS^?In ES cell retaig a foreign chromosome(s) or a fragment(s) thereof is differentiated to a germ eel I m the 
Eric non human animal, reproduced progenies will retain the transferred chromosome(s) or fragment^) thereof 
and exDress the gene(s) on the chromosome(s) or fragment(s) thereof. ^ rnmn 
?00911 The chimeric non-human animals or their progenies can be used to express the gene on the fore.gn chromo- 
some or fragment thereof and to recover the expression product, thereby producing a biology active substance^ 
MoTe specially, the chimeric non-human animals or their progenies can be bred under the condiuons f or express ng 
the qene on th^ foreign chromosome or fragment thereof to recover the expression product from the blood, ascites 
and the like o, the animals. Mernatively. the tissues or ceils of the chimeric non-human animal or "^Md oM. 
derived herefrom (e.g.. hybridomas immortalized by fusion with myeloma cells) can be cultured under the cond,t.ons 
KSVgi on the foreign chromosome or fragment thereof and the expression product ,s thereafter re- 
covered I f rom the culture. Furthermore, a foreign chromosome(s) or a fragment(s) thereof which was extracted from 
Lues or cells of these chimeric non-human animals or their progenies, or from immortalized cells denved therefrom; 
he DNA which is a component of said foreign chromosome(s) orfragment(s) thereof; orcDNA derived from the fore.gn 
chromosome(s)orfragment(s)thereof retained in tissues or cells of the chimeric non-human animate orthe^progen,^ 
or in immortalized cells derived therefrom may be used to transform animal cells or .nsect cells (e.g., CHO cells. BHK 
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cells, hepatoma cells, myeloma cells, SF9 cells) and the transformed cells may be cultured under the conditions for 
expressing the gene on the foreign chromosome(s) or fragments) thereof to recover the expression product (e g an 
antibody protein specific to a particular antigen) from the culture. The expression product can be collected by known 
techniques such as centrifugation and purified by known techniques such as ammonium sulfate fractionation partition 
chromatography gel filtration chromatography, adsorption chromatography, preparative thin-layerchromatography and 
the like. The biologically active substance includes any kinds of substances encoded on foreign chromosomes for 
example antibodies, particularly human antibodies. For example, the human antibody gene on theforeign chromosome 
can be cloned from spleen cells of the chimeric non-human animal or immortalized cells such as hybridomas derived 
therefrom and transferred into Chinese hamster ovary cells (CHO), myeloma cells or the like to produce a human 
antibody (Lynette et al., Biotechnology, 10:1121-, 1992; Bebbington et al., Biotechnology 101 69- 1992) 
[0092] The chimeric mice or their progenies that retain human chromosomes #2, 14 and/or22 (orfragments thereof) 
which can be produced by the method of the present invention can retain the greater part of the functional sequences 
of respective genes for human antibody heavy chain on chromosome #14, light chain k on chromosome #2 and light 
chain X on chromosome #22. Hence, they can produce a wide repertory of antibodies which are more similarto human 
antibody repertory, compared with known transgenic mice into which parts of human antibody gene have been trans- 
ferred by using yeast artificial chromosomes and the like (Green et al., Nature Genetics, 7, 13- 1994- Lonberg et al 

N f a lo e j ;f! 8 ;oo 6 ^ 1 . 994) - ? S °' the ChimeriC mi ° e and,h eirprogenies retaining two human chromosomes (orfragments) 
of # 2+ *1 4 #22+41 4 or other combination and the mice and their progenies retaining three human chromosomes (or 
fragments) of #2+#1 4+#22 or other combination which are obtainable by mating said chimeric mice and their progenies 
retaining two human chromosomes (or fragments) , as produced by the method of the invention, can produce complete 
human antibodies both heavy- and light-chains of which are derived from human. These mice can recognize human- 
denved antigens as foreign substances to cause an immunoreaction with the antigens, thereby producing antigen- 
specific human antibodies. These properties can be utilized to produce human monoclonal and polyclonal antibodies 
for therapeutic treatments (Green et al, supra; Longberg et al., supra) . On the other hand, in order to obtain a human 
antibody having high affinity for a particular antigen more efficiently, it is desirable to produce a mouse which produces 
a human antibody but not a mouse antibody (Green et al., supra; Lonberg et al., supra). In the present invention this 
is achieved typically by the following Method A or B using known techniques. 

Method A: a method using a mouse antibody-deficient ES cell and a mouse antibody-deficient host embryo for chimera 
production. 

Method B: a method in which a progeny retaining a human chromosome is obtained from a human chromosome- 
transferred chimeric mouse, followed by mating said progeny with a mouse in a strain deficient in a mouse antibody 
gene. ' 

[0093] A typical example for each of Methods A and B will be described below specifically 
Specific procedures for Method A 

1. One allele of a mouse antibody heavy-chain gene present in two copies in a mouse ES cell is disrupted by 
homologous recombination in gene targeting (Joyner et al., "Gene Targeting", published by IRL PRESS 1 993) A 
marker gene, such as a G 41 8 resistance gene, sandwiched with two copies of a sequence which can be removed 
later by srte-d.rected recombination [for example, loxP sequence (see recombination with Cre recombinase in 
Sauer et al., supra; and see also the use of FLP recombinase-FRT sequence in O'Gorman, Science, 251 -1351- 
1991)] is inserted at the site where the targeted gene is disrupted. 

2. The resultant drug-resistant mouse ES cells in which one allele of an antibody heavy-chain gene was disrupted 
is cultured in the presence of the drug at a high concentration. Then, those clones which became high concentration 
drug-resistant are selected. By screening these clones, clones in which both antibody heavy-chain genes were 
disrupted can be obtained (Shinichi Aizawa, supra). 

Alternatively, the other allele of a target gene in the drug-resistant mouse ES cell in which one allele of the 
antibody heavy-chain gene has been disrupted is also disrupted by homologous recombination. The same proce- 
dure may be repeated using a marker gene other than the precedingly inserted marker gene. For example ho- 
mologous recombination is performed using a G41 8-resistance gene, followed by another homologous recombi- 
nation using a puromycin-resistance gene to obtain clones in which both alleles of the antibody heavy-chain qene 
have been disrupted. When the same marker as the precedingly inserted marker is used, an enzyme gene that 
can cause site-directed recombination between recombinant sequences inserted at the both ends of the druq- 
resistance gene of item 1 is transiently introduced. Subsequently, drug-sensitive clones are selected that are free 
of the drug-resistance gene that has been inserted in the target gene. Then, a marker gene is inserted again by 
homologous recombination in gene targeting to obtain clones in which both alleles of the target gene have been 

d ' S o« te ^ fe v hi ? ka1SU 61 aL ' Ex P erimentel Med\c\ ne , supplement, Basic Techniques for Immunological Study 

p. 255-, 1995, Yodosha) . " 

3. An enzyme gene (e.g., a Cre recombinase gene (Sauer et al., supra)) which causes a site-directed recombination 
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between the recombination sequences inserted at both the ends of the drug-resistance gene in step 1 above is 
transiently transferred into the mouse ES cells from step 2 above in which both antibody heavy-chain genes were 
disrupted. Then, drug-sensitive clones are selected in which the drug-resistance genes inserted at the sites of 
both heavy-chain genes were deleted as a result of recombination between the loxP sequences [Seiji Takatsu et 
al., "Experimental Medicine (extra number): Basic Technologies in Immunological Researches", p. 255-, published 
by Yodosha, 1 995). 

4. The same procedures in steps 1-3 above are repeated forthe mouse antibody light-chain k gene to finally obtain 
drug-sensitive clones which are completely deficient in antibody heavy-chain and light-chain k 

5. Human chromosome #14 (fragment) containing a human antibody heavy-chain gene and marked with a drug- 
resistance gene (e.g. , G41 8 resistance gene) is transferred into the clone from step 4 above (antibody heavy-chain 
and light-chain K-deficient mouse ES cell) by microcell fusion. 

6. Human chromosome #2 (fragment) or #22 (fragment) or both containing a human antibody light-chain gene(s) 
and marked w.th a drug-resistance gene different from the one used in step 5 above (e.g., puromycin resistance 
gene) are transferred into the clone obtained in step 5 above by microcell fusion 

7. Chimeric mice are produced from the ES cells obtained in step 6 above by using embryos obtained from a 
mouse in a strain having no ability to produce its own antibody (e.g., RAG-2 knockout mouse. Shinkai et al Cell 
68:855-. 1992; membrane-type n chain knockout mouse, Kitamura etal., Nature, 350:423-, 1991) as host embryos' 

8. Most of the functional B lymphocytes in the resultant chimeric mice are derived from the ES cells [Seiji Takatsu 
etal., "Experimental Medicine (extra number): Basic Technologies in Immunological Researches" p 234- pub- 
lished by Yodosha, 1995]. Since those B lymphocytes are deficient in mouse heavy-chain and light-chain k' they 
produce human antibodies alone mainly as a result of the expression of the functional human antibody genes on 
the transferred chromosomes. 

Specific procedures for Method B 

[0094] 

1 . Chimeric mice retaining a human chromosome or a fragment thereof containing human antibody heavy-chain 
light-chain k or light-chain X are used to produce a progeny which stably retains the human chromosome or fraq - 
ment thereof and which can transmit it to the next generation. 

2. A mouse in a strain which is homozygous regarding the deficiency in mouse antibody heavy-chain and light- 
chain k and which retains human chromosomes containing human antibody heavy-chain (#1 4) + light-chain k (#2) 
heavy-chain (#14) + light-chain X (#22) or heavy-chain (#14) + light-chain x (#2) + light-chain X (#22) is obtained 
by mating the mouse in a strain expressing human antibody heavy-chain or light-chain from step 1 above or a 
mouse in a strain expressing both human antibody heavy and light-chains obtained by mating the mice from step 
1 , with a mouse m a strain deficient in its own antibody genes (e.g., the membrane-type u. chain knockout mouse 
mentioned above; light-chain k knockout mouse, Chen et al., EMBO J., 3:821 -. 1 993). Since mice in the resultant 
strain are deficient in mouse antibody heavy-chain and light-chain k genes, they produce human antibodies alone 
mainly as a result of the expression of the functional human antibody genes on the transferred chromosomes. 

[0095] Both Method A and Method B may be used not only to yield human antibodies but also to yield products of 
any genes located on a foreign chromosome efficiently. 

[0096] The present invention will now be explained in greater detail with reference to the following examples which 
do not limit the scope of the present invention. 1 

Example 1 

Production of chromosome donor cell retaining human chromosome (fragment) labeled with G418 resistance 

[0097] PlasmidpSTneoB containing a G418 resistance gene (Katoh etal., Cell Struct. Funct 12 575 1987- Japa- 
^search Biologicals (JCRB), Deposit Number: VE 039) was linearized with restriction enzyme Sail 
^ ^ ,'" } ,ntroduced int0 human ™™l fibroblast cell HFL-1 (obtained from RIKEN Cell Bank 
RCB0251). The HFL-1 cells were treated with trypsin and suspended in Dulbecco's phosphate-buffered saline (PBS) 
at a concentration of 5x106 cells/ml, followed by electroporation using a Gene Pulser (Bio-Rad Laboratories Inc ) In 
^i??" 0 ? ° f1 ° ^ °' ° NA ( ' Shida 6t aL " " Ce " Technol °gy Experiment Procedure Manual", published by Kodansha 
/,« Lp^o °i , T V W8S 8PPlied 81 8 ca P acitance of 25 with an Electroporation Cell of 4 mm in length 
(1 65-2088, Bio-Rad Laboratones. Inc.) at room temperature. The electroporated cells were inoculated into an Eaqle's 
F12 medium (hereinafter referred to as "F12") supplemented with 15% fetal bovine serum (FBS) in 3-6 tissue culture 
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FABP1 (fatty acid binding protein-1 liver) ' 5 1 
GCAATCGGT C TGCCGGAAGA (SEQ ID NO: 3), 5 1 - 
TTGGATC ACTTTGG ACCC AG (SEQ ID KO:4 ) 

Vk3-2 (immunoglobulin kappa variable) : 5'- 
CTCTCCTG CAGGGCC AGTCA (SEQ ID NO : 5 ) , 5'- 
TGCTG ATGGTGAG AGTG AACTC (SEQ ID NO: 6) 



Vkl-2 (immunoglobulin kappa variable) :5 f - 
AGTCAGGGCATTAGCAGTGC (SEQ ID NO : 7) , 5 1 - 
GCTGCTGATGGTG AGAGTG A ( SEQ ID NO: 8) 

(2) Fluorescence in situ hybridization (FISH) 

[0101] FISH analysis was conducted with probes specificto human chromosomes #2, 4, 14 and 22 (CHROMOSOME 
PAINTING SYSTEM, Cambio Ltd.) in accordance with the method described in Matsubara et al.. "FISH Experiment 
Protocol", published by Shujunsha, 1994. 

[0102] For example, at least one clone retaining chromosome #2 was obtained in 10 groups out of 26 groups (745 
clones). Among them, only 5 clones were positive to all the used primers specific to chromosome #2. FISH analysis 
was conducted with these clones. FISH analysis was conducted with probes specific to human chromosomes #2 
(CHROMOSOME PAINTING SYSTEM, Cambio Ltd.) in accordance with the method described In Matsubara et al., 
"FISH Experiment Protocol", published by Shujunsha, 1994. In the cells positive to all the primers, an intact form of 
human chromosome #2 was observed. In some of the clones positive to part of the primers, an independent chromo- 
some smaller than human chromosome #2 was observed or a cell having a chromosome in a form fusing with chro- 
mosomes other than human chromosome #2 was observed (Fig. 1). In Fig. 1 , the names of the clones are shown in 
the horizontal line and the primers used in the PCR are shown in the left longitudinal line. • shows positive clones and 
X shows negative clones. The forms of human chromosome #2 observed by FISH are shown in the bottom line. No 
description means no performance of experiment. 

[0103] A9 cells retaining human chromosomes #4, 14 and 22 were obtained by the same procedure. 
Example 2 

Transfer of human chromosome #22 into mouse ES cells by microcell fusion 

[0104] The mouse A9 cell clones retaining human chromosome #22 (hereinafter referred to as , 'A9/#22 ,, ) from Ex- 
ample 1 were used as chromosome donor cells. Mouse ES cell line E14 (obtained from Martin L. Hooper; Hooper et 
al., Nature, 326:292, 1987) was used as a chromosome recipient cell. 

E14 cells were cultured in accordance with the method described in Aizawa Shinichi, "Biomanual Series 8, Gene 
Targeting", published by Yodosha, 1995 and G418 resistant STO cell line (obtained from Prof. Kondo Hisato, Osaka 
University) treated with mitomycin C (Sigma) was used as a feeder cell. In the first step, microcells were prepared from 
about 10 8 cells of A9/#22 in accordance with the method reported by Shimizu et al. "Cell Technology Handbook", 
published by Yodosha, 1992. The total amount of the resulting microcells were suspended in 5 ml of DMEM. About 
10 7 cells of E14 were dispersed with trypsin and washed three times with DMEM and suspended in 5 ml of DMEM. 
The cells were then mixed with the microcells and the mixture was centrifuged at 1 ,250 rpm for 10 minutes to remove 
the supernatant. The precipitate was dispersed by tapping and 0.5 ml of a PEG solution (1 :1 .4) [5 g of PEG 1 000 (Wako 
Pure Chemicals Co., Ltd.) and 1 ml of DMSO (Sigma) as dissolved in 6 ml of DMEM] was added. The mixture was left 
to stand at room temperature for 1 minute and 30 seconds and 10 ml of DMEM was added slowly. Immediately there- 
after, the resulting mixture was centrifuged at 1 ,250 rpm for 10 minutes to remove the supernatant. The precipitate 
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plastic plates (Coming) of 1 00 mm *. After one day. the medium was replaced with a F1 2 supplemented with 1 5% FBS 
and containing 200 ug/ml of G418 (GENENTICIN, Sigma). The colonies formed after 2-3 weeks were collected in 52 
groups each consisting of about 100 colonies. The colonies of each group were inoculated again into a plate of 100 
mm <(> and cultured. 

[0098] Mouse A9 cells (Oshimura, Environ. Health Perspect., 93:57, 1 991 ; JCRB 0211) were cultured in Dulbecco's 
modified Eagle's medium (hereinafter referred to as "DM EM") supplemented with 10% FBS in plates of 100 mm*. The 
G418 resistant HFL-1 cells of 52 groups were cultured in F12 supplemented with 15% FBS and 200 u.g/ml of G418 in 
plates of 100 mm*. The mouse A9 cells and HFL-1 cells were treated with trypsin and one fourth to one half of both 
cells were mixed. The mixed cells were inoculated into a plate of 1 00 mm* and cultured in a mixture of equal amounts 
of DM EM containing 10% FBS and F1 2 containing 15% PBS for a period ranging from a half day to one day. Cell fusion 
was earned out in accordance with the method described in Shimizu et al., "Cell Technology Handbook", published by 
Yodosha, p. 127-, 1992. The cell surface was washed twice with DMEM and then treated sequentially with 2 ml of a 

PEG (1:1. 4) solution fori minute and with 2 ml of PEG (1:3) fori minute. After the PEG solution was sucked up and 
the cells were washed three times with a serum-free DMEM, followed by cultivation in DMEM supplemented with'l 0% 
FBS for 1 day. The cells were dispersed by treatment with trypsin and suspended in a double selective medium (10% 
FBS supplemented DMEM) containing ouabain (1x1 0* M, Sigma) and G41 8 (800 ug/ml), followed by inoculation in 3 
plates of 1 00 mm*. After about 3 weeks cultivation, the colonies formed were treated with trypsin to disperse the cells 
which were cultured in a selective medium (1 0% FBS supplemented DMEM) containing G41 8 (800 ug/ml) 
[0099] The cells were dispersed by treatment with trypsin and two groups of the cells were collected, followed by 
cultivation in 6 centrifuge flasks (Coaster, 3025) of 25 err* until the cell density reached 70-80% confluence The 
medium was replaced with a medium (20% FBS supplemented DMEM) containing Colcemid (0.05 ug/ml, Demecolcine 
Wako Pure Chemicals Co., Ltd) and the cells were cultured for 2 days to form microcells. After the culture medium 
was removed, a cytochalasin B (10 ug/ml, Sigma) solution preliminarily warmed at 37 e C was filled in the 25 crrf cen- 
trifuge flask, which were inserted into an acryl centrifuge container, followed by cehtrif ugation at 34"C at 8,000 rpm for 
1 hour. The microcells were suspended in a serum-free medium and purified by passage through a filter To the mouse 
A9 cells cultured to 80% confluence in the flask of 25 cm*, the purified micorcells were added and the two kinds of 
cells were fused with a PEG solution. The fused cells were cultured in a G41 8 containing selective medium and colonies 
formed were isolated. Human chromosomes #2, 4, 1 4 and 22 retained in the respective clones were identified by the 
methods desenbed In (1)-(3) below. All other experimental conditions such as operating procedures and reagents were 
in accordance with Shimizu et al., "Cell Technology Handbook", published by Yodosha, p127-. 

(1) PCR analysis 

[0100] The isolated cells were cultured and genomic DNA was extracted from the cells with a Puregene DNA Isolation 
kit (Gentra System Co.). PCR was performed using the genomic DNA as a template with human chromosome specific 
primers to select the clones retaining human chromosome #2, 4, 14 or 22. The PCR amplification was conducted with 
about 0.1 ug of the genomic DNA as a template, using a thermal cycler (GeneAmp 9600. Perkin-Elmer Corp ) in 
accordance with the method described in Innls et al., "PCR Experiment Manual", published by HBJ Publication Office 
1991 . Taq polymerase was purchased from Perkin-Elmer Corp. and the reaction was performed in a cycle of 94'C 5 
minutes and 35 cycles of denaturing at 94 "C, 1 5 seconds, annealing at 54-57»C, 1 5 seconds (variable with the primers) 
and extension at 72'C. 20 seconds. The gene on each chromosome (O'Brien, Genetic Maps. 6th edition, Book 5 Cold 
Spnng Harbor Laboratory Press, 1993) and polymorphic markers (Polymorphic STS Primer Pair, BIOS Laboratories 
Inc.; Weissenbach et al., Nature 359:794. 1992; Walter el al.. Nature Genetics, 7:22, 1994) were used as primers The 
primers for the genes were prepared on the basis of nucleotide sequences obtained from data bases such as GenBank 
EMBL and the like. The names of the polymorphic primers and the sequences of the primers for the genes will be 
shown for the respective chromosomes in the following examples (#2, Example 1 ; #4, Example 6, #14 Example 9- 
#22, Example 2). The following genetic markers and polymorphic makers (Polymorphic STS Primer Pairs- D2S207' 
D2S177, D2S156 and D2S159, BIOS Laboratories. Inc.) were used to identify chromosome #2. 

C K (immunoglobulin kappa constant) : 5'- 
TGGAAGGTGGATAACGCCCT (SEQ ID NO : 1 ) , 5'- 
TCATTCTCCTCCAACATTAGCA (SEQ ID NO : 2 ) 
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was suspended in 30 ml of a medium for ES cells and inoculated into 3 tissue culture plastic plates (Corning) of 100 
mm in diameter into which feeder cells were inoculated. After 24 hours, the medium was replaced with a medium 
supplemented with 300 ug/ml of G418 (GENETICIN, Sigma) and medium replacements were thereafter conducted 
daily. Drug resistant colonies appeared in 1 week to 10 days. The frequency of appearance was 0-5 per 10 7 of E14 
cells. The colonies were picked up and grown. The cells were suspended in a storage medium (a medium for ES cells 
+ 1 0% DMSO (Sigma)) at a concentration of 5 x 1 06 cells per ml and stored frozen at -80°C. At the same time, genomic 



361 , 1993). The microcells obtained from about 10 8 cells of A9/#22 were suspended in 5 ml of DMEM and irradiated 
with Y rays of 60 Gy on ice with a Gammacell 40 (Canadian Atomic Energy Public Corporation) at 1 .2 Gy/min for 50 
minutes. The fusion of y ray-irradiated microcells and the selection of drug resistant clones were conducted by the 
same procedure as in the case of the unirradiated microcells. As a result, the frequency of the appearance of the drug 
resistant clones was 1-7 per 10 7 of E14 cells. The drug resistant clones were stored frozen and DNA was prepared 
from the clones by the same procedure as in the case of the unirradiated microcells. 

[01 06] The retention of the transferred chromosomes in the unirradiated microceil-transf erred drug resistant clones 
E14/#22 - 9 and E14/#22 - 10, and in the y ray-irradiated microcell-transferred drug resistant clones E14/#22-14 and 
E14/#22-25 was confirmed by the methods described in (1)-(3) below. 

(1) PCR analysis (Fig. 2) 

[01 07] The presence of the gene on human chromosome #22 (Genetic Maps, supra) and polymorphic markers (Pol- 
ymorphic STS Primer Pairs: D22S315, D22S275, D22S278, D22S272 and D22S274, BIOS Laboratories, Inc.; Nature 
359:794, 1 992) was detected by a PCR method using the genomic DNA of the drug resistant clone as a template. The 
sequences of oligonucleotide primers for the genes prepared on the basis of nucleotide sequences obtained from data 
bases such as GenBank, EMBL and the like are described below. 
PVALB (parvatbumin) : 




TGGTGGCTG AAAGCTAAG AA 



(SEQ ID NO : 9) # 



CCAGAAGAATGGTGTCATTA 



( SEQ ID NO:10) 



MB (myoglobin) 



TCCAGGTTCTGCAGAGCAAG 



(SEQ ID NO : 11 ) , 



5 



- TGTAGTTGGAGGCCATGTCC 



(SEQ ID NO:l2) 



DIA1 (cytochrome b-5 reductase) : 



5 ' - CCCCACCCATGATCCAGTAC 



(SEQ ID NO: 13) . 



5 1 - G C CCT C AG AAGACGAAGC AG 



( SEQ ID NO : 14) 



IgX (immunoglobulin lambda) : 



5' - GAG AGTTGC AG AAGGGGTG AC T (SEQ ID NO:15) , 
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5 • - GGAGACCACCAAACCCTCCAAA ( SEQ ID NO: 16) 
s ARSA (arylsulfatase A) : 

5 1 - GGCTATGGGG ACCTGGGCTG (SEQ ID NO: 17), 

10 

5 1 - CA G AG AC AC AGGCACGTAGAAG ( SEQ ID NO:18) 

[01 08] PCR amplification (Innis et al., supra) was conducted by using about 0.1 u.g of the genomic DNA as a template 
with the above 1 0 kinds of the primers. As a result, amplification products having expected lengths were detected with 

is all the primers in the case of the two unirradiated clones and with part of the primers in the case of the y ray- irradiated 
two clones. The results are shown in Fig. 2. In Fig. 2, a schematic chromosome map based on the G bands of human 
chrosome #22 and the location of some markers on bands are shown at the left side (O'Brien, GENETIC MAPS, 6th 
edition, BOOK 5, etc.). The arrangement of the genetic and polymorphic markers shows approximate positional rela- 
tionships on the basis of the presently available information (Science, HUMAN GENETIC MAP, 1 994; Nature Genetics, 

20 7:22, 1 994; Nature 359:794, 1 992, etc.) and the order is not necessarily correct. With respect to four kinds of the G41 8 
resistant E14 cell clones, the markers for which the expected amplification products were detected by PCR are shown 
by ■ and the markers for which the expected amplification products were not detected are shown by □ . The results 
of the observation by FISH analysis are shown at the bottom side. A9/#22 is a chromosome donor cell. 

25 (2) Southern blot analysis 

[0109] Southern blot analysis of about 2 u.g of the genomic DNA digested with restriction enzyme Bglll (TAKARA 
SHUZO CO., LTD.) was conducted by using human specific repeated sequence L1 (lOMO 5 copies were present per 
haploid genome, obtained from RIKEN DNA Bank; Nucleic acids research, 13;7813, 1985; pUK19A derived EcoRI- 

30 BamHI fragment of.1 .4 kb) as a probe in accordance with the method described in Ausubel et al., Current Protocols 
in Molecular Biology, John Wiley & Sons, Inc., 1994. As a result, a large number of bands hybridized with the human 
L1 sequence were detected in DNA of each drug resistant clone. With respect to the unirradiated 2 clones, their patterns 
and the quantitative ratio of human chromosomal DNA to mouse genomic DNA which could be presumed from the 
density of the respective bands were the same as those of A9/#22. The total signal intensity of the bands of the y-ray 

35 irradiated clones correlated with the degree of the deletion confirmed by the PCR analysis, as compared with that of 
A9/#22. 

(3) Fluorescence in situ hybridization (FISH) 

40 [0110] FISH analysis was conducted with probes specific to human chromosomes #22 (CHROMOSOME PAINTING 
SYSTEM, Cambio Ltd.) in accordance with the method described in Matsubara et al., "FISH Experiment Protocol", 
published by Shujunsha, 1 994. As a result, in almost all of the observed metaphase spreads, human chromosome #22 
was detected in the form of translocation to the mouse chromosome with respect to E14/#22-9 and in the form of an 
independent chromosome with respect to the three other clones. 

45 [0111] The results of the above experiments demonstrate that the obtained G418 resistant clones E14/#22-9 and 
E14/#22-10 retained all or most part of human chromosome #22 whereas the clones E14/#22-14 and E14/#22-25 
retained partial fragments of human chromosome #22. 

Example 3 

50 

Production of chimeric mice from the ES celts retaining human chromosome #22 

[0112] General procedures for obtaining mouse embryos, cultivation, injection of the ES cells into the embryos, 
transplantation to the uteri of foster mothers were carried out in accordance with the method described in Aizawa 
55 Shinichi, "Biomanual Series 8, Gene Targeting", published by Yodosha, 1 995. The cells in a frozen stock of the G41 8 
resistant ES clone E14/#22-9 which was confirmed to retain human chromosome #22 were thawed, started to culture 
and injected into blastcyst-stage embryos obtained by mating a C57BL/6XC3H F1 female mouse (CREA JAPAN, INC.) 
with a C3H male mouse (CREA JAPAN, INC.); the injection rate was 10-15 cells per embryo. Two and half days after 
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shown in Table 1 . 



Production of chimeric mice from the ES cells retaining human chromosome #22 (fragments) 


ES cell clone/ 

human 

chromosome 


G418 
resistant 
clone No. 


Number of 
ES cell- 
injected 
blastocyst 
stage 
embryos 


Number of 
offspring mice 


Number of 
chimeric mice | 


Contribution to coat color 


<-10% 10-30% 30%< 


E14/#22 


9 


166 


29 


16 


7 3 6 



mini As a result of the transplantation of a total 166 of injected embryos, 29 offspring mice were born^ Chimerism 
^O^^t^ZJL by the extent of E14 cei.-derrved pale gray coat color in the host 
Uu« coat "o'er (dark brown). Out of the 29 offsprings, 16 mice were ^^^^^ ™ 
indicatina the contribution of the El 4 cells. The maximum contribution was about 40 /. in K22-22. 
^t ju JZs^s show that the mouse ES cell clone E14/#22 - 9 retaining human chromosome #22 ma.nta.ns 
the ability to produce chimera, that is, the ability to differentiate into normal tissues of mouse. 

Example 4 

Confirmation of retention of human chromosomal DNA in various tissues of the chimeric mice derived from the ES 

cells retaining human chromosome #22 

ronsi in addition to the determination of coat color In Example 3, the retention of the transferred chromosome was 

we^ Ised S the exuacted genomfc DNA as a template, to confirm the amplification products. The , analys* wa 
SucteS wt 10 o, the mice in which the contribution to coat color was observed. As a resuft. the products of mplK 

a o obe wfth 2 M of the genomic DNA derived from the tails of the 6 chimeric mice and one non-ch.mer c mouse^ As 

LeLlUhepresenceofalarge number of human L1 sequence was observed in all the chimenc^^ 

a resutt ' t 7 P t re ^" c r° F1 * o The ^ant-native ratio to mouse genome was about 10% at maximum (Fig. 3). In 

u ed as a pr be an7 ignals were detected with Image Analyzer BAS2000 (Fuji Photo Film Co Ud.). T e lanes 
Present th^ genomic DNA derived from the tails of the chimeric mice (K22-6. 7, 8. 9. 10. 11 and 12; 9 .s the non- 
chE ^mouse) and control DNA (C which is a mixture of E1 4/*22-9 genomic DNA and E1 4 genomic DNA at a weight 
^l^iSSLl from the right. The DNA molecular weights are shown at the left s.de and Cmersm ,n the 

^wnh%»^ 

obSed from the brain liver, muscle, heart, spleen, thymus, ovary and kidney with an ISOGEN (N^pon Gene Co.). 
iS^ZT^L^ was conducted with MB and D1A1 selected from the primers for the genes used in 

ExamS^ 

usino D1A1 prLr are shown in Fig 4. The PGR products were electrophoresed on a 2% agarose gel and s a.ned 
S'efh diumTomide for detection The lanes in Fig. 4 represent the following from the left: B, brain^l L £c. SM. 
Setal muTde; H, heart; Sp. Spleen; Th, thymus; Ov. ovary; K, kidney; nc, non-ch.menc mouse ta.Uienved DNA 
(neaative control); pc, human fibroblast cell (HFL-1 ) DNA (positive control). ratainoH 
K These /esufts show that E14/«22-9 contributed to various normal tissues in the mouse and that rt reta.ned 

human chromosome #22. 
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Example 5 

Expression of the human genes in the chimeric mouse derived from the ES cell retaining human chromosome #22 

5 [0119] The tail of the mouse (K22-7) having about 5% contribution to coat color was frozen with liquid nitrogen and 
then disrupted for use as a sample for confirming the expression of the human genes. The sample was a mixture of 
tissues such as skin, bones, muscles, blood and the like. Total RNA was extracted from the sample with an ISOGEN 
(Nippon Gene Co.) and used in an RT-PCR method to detect mRNAs of human myoglobin (MB) and human cytochrome 
b5 reductase (D1A1). The RT-PCR was performed in accordance with the method described in Innis et al., "PCR 

10 Experiment Manual", published by HBJ Publication Office, 1991 . Randam hexamer oligonucleotides (final concentra- 
tion: 100 pmoi, TAKARA SHUZO CO., LTD.) were used as primers for reverse transcription and Super Script (BRL 
Co.) as reverse transcriptase. The following primers were used for amplification using cDNA as a template. 



« MB • 5' - TTAAGGGTCACCC AGAGACT (SEQ ID NO:19) , 



5 t - TGTAGTTGG AGGCCATGTCC (SEQ ID NO:20) 

20 



DIA1 : 5 1 - CAAAAAGTCCAACCCTATCA (SEQ ID NO : 2 1 ) , 



25 



5 1 - GCCCTC AGAAGACGAAGCAG (SEQ ID NO: 22) 



30 [0120] As a result, amplification products specific to mRNAs of both genes were detected (Fig. 5). The RT-PCR 
products were electrophoresed on a 2% agarose gel and stained with ethidium bromide for detection. In Fig, 5, M is a 
marker (Hindlll digested X DNA + Haelll digested * X174DNA, TAKARA SHUZO CO., LTD.); MB, human myoglobin; 
D1 A1 , human cytochrome b5 reductase; and WT, a wild-type C3H mouse. 

[0121] With respect to the same individual (K22-7), total RNA was extracted from the brain, heart, thymus, liver, 
35 spleen, kidney, ovary and skeletal muscle with an ISOGEN and RT-PCR was performed on each organ with the above 
two primers. As a result, expected products of amplification with D1 A1 were observed in all the organs and those with 
MB were observed only in the heart and skeletal muscle (Fig. 6). Myoglobin is known to be expressed specifically in 
muscle ceils (Bassel-Duby et al., MCB, 1 2:5024, 1 992). Hence, the above results show that the gene on the transferred 
human chromosome can be subjected to the normal tissue-specific regulation in the mouse. The PCR products were 
40 electrophoresed on a 2% agarose gel and stained with ethidium bromide for detection. In Fig. 6, the lanes represent 
the following from the left: B, brain; H, heart; Th, thymus; L, liver; Sp, spleen; K, kidney; Ov, ovary; SM, skeletal muscle; 
and M, marker (supra). The lower band observed in the results of MB are believed to represent non-specific products. 
[01 22] These results show that the transferred human chromosome #22 can function in normal tissues of the chimeric 
mice. 

45 

Example 6 

Transfer of human chromosome #4 or fragments thereof into ES cells 

so [0123] The mouse A9 cell clone retaining human chromosome #4 (hereinafter referred to as °A9/#4") from Example 
1 was used as a chromosome donor cell. Mouse ES cell line E14 (see Example 2) was used as a chromosome recipient 
cell. The microcell fusion and the selection of G418 resistant clones were conducted by the same procedures as in 
Example 2. The frequency of the appearance of the drug resistant clones was 1-2 per 10 7 of E14 cells. The drug 
resistant clones were stored frozen and genomic DNA were prepared by the same procedures as in Example 2. The 

55 retention of the transferred human chromosome #4 or fragments thereof in the drug resistant clones E14/#4-4 t E1 4/#4-7 
and E14/#4 - 11 was confirmed by the methods described in (1) - (3) below: 
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(1) PCR analysis (Fig. 7) 

[0124] The presence of the gene on human chromosome #4 (O'Brien, Genetic Maps, 6th edition, Book5, Cold Spring 
Harbor Laboratory Press, 1 993) and polymorphic markers (Polymorphic STS Primer Pairs: D4S395, D4S412, D4S422, 
D4S413, D4S418, D4S426 and F11 , BIOS Laboratories, Inc.;, Nature 359:794, 1992) was detected by a PCR method. 
The sequences of oligonucleotide primers for the genes prepared on the basis of nucleotide sequences obtained from 
data bases such as GenBank, EMBL and the like will be described below. 



HD (htintington disease) : 5 ' - TCGTTCCTGTCGAGG ATGAA (SEQ 
ID NO:23), 5 ' - TCACTCCGAAGCTGCCTTTC (SEQ ID NO : 2 4 ) 

IL-2 ( interleukin-2) : 5 • - ATGTACAGGATGCAACTCCTG (SEQ ID 
NO: 25), 5 1 - TCATCTGTAAATCCAGCAGT (SEQ ID NO : 2 6 > 

KIT (c-kit) " 5' - GATC CC ATCG CAGCTACCGC (SEQ ID NO:27) ( 
5 ' -TTCGCCGAGTAGTCGCACGG (SEQ ID NO ; 2 8 > 

FABP2 (fatty acid binding protein 2, intestinal), 5*- 
GATGAACTAGTCCAGGTGAGTT (SEQ ID NO : 2 9 ) , 5'- 
CCTTTTGGCTTCTACTCCTTCA ($EQ id NO : 3 0 ) 

[01 25] PC R amplification was conducted with the above 1 1 kinds of the primers. As a result, the amplification products 
having expected lengths were detected with all or part of the primers in all the three clones. In the E14/#4 - 4 and 
E14/#4 - 7 clones, the deletion.of partial regions was observed. The results are shown in Fig. 7. In Fig. 7, a schematic 
chromosome map based on the G bands of human chromosome U and the location of some markers on bands are 
shown at the left side (see Example 2). The arrangement of the genetic and polymorphic markers shows approximate 
positional relationships on the basis of the presently available information (see Example 2) and the order is not nec- 
essarily correct. With respect to the three kinds of the G41 8 resistant E1 4 cell clones, the markers for which the expected 
amplification products were detected are shown by ■ and the markers for which the expected amplification products 
were not detected are shown by □ . The results of the observation by FISH analysis are shown at the lower side. A9/#4 
is a chromosome donor cell. 

(2) Southern blot analysis (Fig. 8) 

[0126] Southern blot analysis was conducted by the same procedure as in Example 2 using human L1 sequence as 
a probe with genomic DNAs obtained from E14/S4-4 and E14/#4-7. As a result, a large number of bands hybridized 
with the human L1 sequence were detected in DNAs of both drug resistant clones. The total signal intensity correlated 
with the degree of the deletion confirmed by the PCR analysis, as compared with that of A9/#4. In Fig. 8, 2 u,g of 
genomic DNA digested with Bglli was used in each lane. Human L1 sequence labeled with 32 P was used as a probe 
and the signals were detected with an Image Analyzer (BAS 2000, Fuji' Photo Film Co., Ltd.). In Fig. 8, the lanes 
represent the following as counted from the left: 1 , A9/#4 (chromosome donor cell); 2, A9/#4+A9 (1:2); 3, A9/#4+A9 
(1:9); 4, A9;5, E14/#4-7; and 6, E14/#4-4. Lanes 2 and 3 represent mixtures of two kinds of DNAs at the ratios shown 
in parentheses. The molecular weights of DNAs are shown at the left side. 
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(3) Fluorescence in situ hybridization (FISH) 

[0127] FISH analysis was conducted with probes specific to human chromosomes #4 (CHROMOSOME PAINTING 
SYSTEM, Cambio Ltd,) by the same procedure as in Example 2. As a result, in almost all of the observed metaphase 
5 spreads of the three clones used, human chromosome #4 or partial fragments thereof were detected in the form of 
translocation to the mouse chromosome with respect to E14/#4-4 and in the form of an independent chromosome with 
respect to the two other clones. The relative sizes of the observed human chromosome were consistent with those 
presumed from the results of the PCR analysis. 

[01 28] The results of the above experiments demonstrate that the obtained G41 8 resistant clones retained the whole 
10 human chromosome #4 or partial fragments thereof. 

Example 7 

Production of chimeric mice from the ES cells retaining human chromosome #4 fragments 

15 

[0129] The cells in frozen stocks of the G41 8 resistant ES cell clones E14/#4-4 and E14/#4-7 which were confirmed 
to retain partial fragments of human chromosome #4 were thawed, started to culture, and injected into blastcyst stage 
embryos obtained by the same method as in Example 3; the injection rate was 10-15 cells per embryo. Two and half 
days after a foster mother [ICR or MCH(ICR)] mouse (CREA JAPAN, INC.) was subjected to a pseudopregnant treat- 
20 ment, about ten of the ES cell-injected embryos were transplanted to each side of the uterus of the foster mother. The 
results are shown in Table 2. 



Table 2. 



30 



Production of chimeric mice from the E14 cell clones retaining human chromosome #4 (fragments) 


ES cell clone/ 


G418 


Number of 


Number of 


Number of 


Contribution to coat color 


human 


resistant 


ES cell- 


offspring mice 


chimeric mice 








chromosome 


clone No. 


injected 
















blastocyst 
















stage 
















embryos 






















<10% 


10-30% 


30%< 


E14/#4 


4 


160 


8 


5 


5 








7 


80 


5 


2 


1 


1 





[0130] As a result of the transplantation of a total of 240 injected embryos, 1 3 offspring mice were bom. Chimerism 
in the offsprings can be determined by the extent of E14 cell-derived pale gray coat color in the host embryo-derived 
agouti coat color (dark brown). Out of the 13 offsprings, 7 mice were recognized to have partial pale gray coat color, 
40 indicating the contribution of the E1 4 cells. The maximum contribution was about 15% in one individual derived from 
E14/#4-7. 

[0131] These results show that the mouse ES cell clones E14/#4-4 and E14/#4-7 which retain fragments of human 
chromosome #4 maintain the ability to produce chimera, that is, the ability to differentiate into normal tissues of mouse. 

45 Example 8 

Confirmation of retention of human chromosomal DNA in the chimeric mice derived from the ES cells retaining partial 
fragments of human chromosome #4 and expression of the G41 8 resistance gene 

so (1) PCR analysis 

[01 32] Using the chimeric mice produced in Example 7, genomic DNAs were prepared from the tails of one individual 
derived from E14/#4-7 (K#4-7-1 : about 5% chimerism) and one individual derived from E1 4/#4-4 (K#4-4-41 : about 5% 
chimerism) by the same procedure as in Example 4. These DNAs were used as templates to conduct PCR analysis 
55 using polymorphic marker F11 for chromosome #4 analysis (see Example 6) which was detected in E14/#4 - 7 and 
El4/#4 - 4. As a result, expected amplification products were detected in both mice. 



35 



EP 1 106 061 A1 



(2) Southern analysis (Fig. 9) 

[0133] Southern analysis was conducted in the same manner as in Example 2 by using human L1 sequence as a 
probe with 2 u, g of the genomic DNA derived from the tail of one individual derived from E14/#4-7 (K#4-7-1 : about 5% 

5 chimerism). As a result, the presence of a large number of human L1 sequence was observed and their patterns were 
similar to those of E1 4/#4-7. The quantitative ratio to mouse genome was about 1 0% of that of E 1 4/#4-7 at maximum. 
In Fig. 9, 2 u.g of genomic DNA digested with Bglll was used in each lane. Human L1 sequence labeled with 32 p was 
used as a probe and signals were detected with Image Analyzer BAS2000 (Fuji Photo Film Co., Ltd.). The molecular 
weights of DNAs are shown at the left side. The lanes represent the following as counted from the left: 1 , K#4 - 7 - 1 ; 

10 2, blank; and 3, E14/#4-7. . 

(3) Test on the tail-derived fibroblast cells for G418 resistance 

[0134] Fibroblast cells were prepared from the tails of one individual derived from E14/#4-7 (K#4-7-1: about 5% 
is chimerism) and one individual derived from E14/#4-4 (K#4-4-41: about 5% chimerism). In the same procedure as in 
Example 4, the tail of each mouse was cut at a length of 5-10 mm and washed several times with PBS/1mM EDTA, 
followed by notching of the tail with a knife. The outer skin layer was removed and the inner tissues were cut into fine 
pieces. The fine pieces of tissues were transferred into a tube containing 5 ml of PBS/1 mM EDTA and left to stand 
for 30 minutes to 1 hour at room temperature. Subsequently, the supernatant was removed leaving a 1 ml portion of 
20 the PBS/EDTA behind, and 1 ml of 0.25% trypsin/PBS was added. The tissues were dispersed thoroughly by tapping 
or pipetting at room temperature for 5-10 minutes. After centrifugation at 1 ,000 rpm for 10 minutes, the precipitate was 
suspended in 2 ml of DMEM (10% FCS) and inoculated into a 35 mm plate. After cultivation for 7-10 days, the cells 
were treated with trypsin and about 1 0 4 celts per plate were inoculated into two 35 mm plates. G41 8 was added to the 
medium in one plate at a final concentration of 400 u.g/ml. The cells were cultured for 5-7 days and the appearance of 
25 viable cells in each plate were examined. Under these conditions, 100% of the wild-type ICR mouse-derived fibroblast 
cells were killed in the presence of G418, As a result, G418 resistant fibroblast cells was present in both mice. 
[0135] These results show that E14/#4 - 7 and E14/#4 - 4 contributed to various normal tissues in the mouse and 
that they retained partial fragments of human chromosome #4, 

30 Example 9 

Transfer of human chromosome #14 or fragments thereof into mouse ES cells 

[0136] The mouse A9 cell clone retaining human chromosome #1 4 (hereinafter referred to as "A9/#1 4°) from Example 
35 1 was used as a chromosome donor cell. Mouse ES cell line TT2 (purchased from Lifetech Oriental Co., Yagi et al., 
Analytical Biochem., 214:70, 1993) was used as a chromosome recipient cell. The TT2 cells were cultured in accord- 
ance with the method described in Aizawa Shinichi, "Biomanual Series 8, Gene Targeting", published by Yodosha, 
1 995 and G41 8 resistant primary culture cells (purchased from Lifetech Oriental Co.) treated with mitomycin C (Sigma) 
were used as feeder cells. The microcell fusion and the selection of G41 8 resistant clones were conducted by the same 
40 procedures as in Example 2. The frequency of the appearance of the drug resistant clones was 3-6 per 10 7 of TT2 
cells. The drug resistant clones were stored frozen and genomic DNA was prepared by the same procedures as in 

Example 2. 

45 [0137] Human chromosome #14 was fragmented by irradiating the microcells with y-rays (Koi et al., Science, 260: 
361 , 1993). The microcells obtained from about 10 8 cells of A9/#14 were suspended in 5 ml of DMEM and irradiated 
withy -rays of 30 Gy on ice with a Gammacell 40 (Canadian Atomic Energy Public Corporation) at 1 .2 Gy/min for 25 
minutes. The fusion of 7 ray-irradiated microcells and the selection of drug resistant clones were conducted by the 
same procedure as in the case of the unirradiated micorcells. As a result, the frequency of the appearance of the drug 

50 resistant clones was 3 per 1 0 7 of TT2 cells. The drug resistant clones were frozen stored and DNA was prepared by 
the same procedure as in Example 2. 

[0138] The retention of human chromosome #14 or partial fragments thereof in the unirradiated microcell-transferred 
G418 resistant clones 1-4 and 1-5, and in the G418 resistant clones 3-1 and 3-2 (a total of 4 clones) into which the y- 
ray-irradiated microcell was transferred was confirmed by the methods described in (1) and (2) below. 

55 

(1) PCR analysis (Fig. 10) 

[0139] The presence of the gene on human chromosome #14 (O'Brien, Genetic Maps, 6th edition, Book 5, Cold 
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Spring Harbor Laboratory Press, 1993) and polymorphic markers (Polymorphic STS Primer Pairs: D14S43, D14S51, 
D14S62, D14S65, D14S66, D14S67, D14S72, D14S75, D14S78, D14S81 and PCI, BIOS Laboratories, Inc.; Nature 
359:794, 1 992; Nature Genetics, 7:22, 1 994) was detected by a PCR method using genomic DNA of the drug resistant 
clone as a template. The sequences of oligonucleotide primers for the genes prepared on the basis of nucleotide 
5 sequences obtained from data bases such as GenBank, EMBL and the like are described below. 
NP (nucleoside phosphorylase) : 



10 



15 



20 



25 



35 



45 



50 



5 1 - ATAGAGGGTACCCACTCTGG (SEQ ID NO: 31), 

5 ' - AACCAGGTAGGTTGATATGG ( SEQ ID NO : 3 2 ) 

TCRA (T-ce!l receptor alpha) : 

5 ' - AAGTTCCTGTGATGTCAAGC (SEQ ID NO : 3 3 ) , 

5 1 - TCATGAG CAG ATTAAACCCG (SEQ ID NO: 34) 
MYH6 (myosin heavy chain cardiac) : 

•5 1 - -TGTG A AGGAGGACCA GGTGT (SEQ ID NO : 3 5 ) , 



30 5 ■ - TGTAGGGGTTGACAGTGACA (SEQ ID NO : 3 6 ) 

IGA2 (immunoglobulin alpha-2 constant): 

5 1 - CTGA GAG ATGCCTCTGGTGC (SEQ ID NO:37), 



40 5' - GGCG GTTAGTGGGGT C TTCA (SEQ ID NO:38) 

IGG1 (immunoglobulin gamma-1 constant) : 

5 ' - GGTGTCGTGGAACTCAGGCG (SEQ ID NO : 3 9 ) , 

5 1 - CTGGTGCAGGACGGTGAGGA (SEQ ID NO : 4 0 ) 
IGM (immunoglobulin mu constant) : 
55 5 1 • GCATCCTGACCGTGTCCGAA (SEQ ID NO: 41), 

5' - GGGT CAGTAGCAGGTGCCAG (SEQ ID NO:42) 
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IGVH3 (immunoglobulin heavy variable-3 ) : 



5 1 - AGTGAGATAAGCAGTGGATG ( SEQ ID NO:43), 



5 1 - GTTGTGCTACT CCCATCACT (SEQ ID NO:44) 

10 [0140] PCR amplification was conducted using the genomic DNAs of the 4 drug resistant clones as templates with 
the above 1 8 kinds of the primers by the same procedure as in Example 2. As a result, expected amplification products 
were detected with all or part of the primers. In the drug resistant clones 3-1 and 3-2 obtained by using the y - ray 
irradiated microcells, a tendency for the deletion of partial regions of chromosome #14 was observed. In the case 
where the unirradiated microcells were used, deletion was observed as in the case of the 1 -4 clone. The results are 

15 shown in Fig. 10. In Fig. 10, a schematic chromosome map based on the G bands of human chromosome #14 and 
the location of some markers on bands are shown at the left side (see Example 2). The arrangement of the genetic 
and polymorphic markers shows approximate positional relationships on the basis of the presently available information 
(see Example 2) and the order is not necessarily correct. With respect to four kinds of the G418 resistant TT2 cell 
clones, the markers for which the expected amplification products were detected are shown by Band the markers for 

20 which the expected amplification products were not detected are shown by □. A9/S14 is a chromosome donor cell. 
The results of Example 11 (1 ) are shown at the right side. 

(2) Fluorescence in situ hybridization (FISH) 

25 [0141] FISH analysis was conducted with probes specific to human chromosomes #14 (CHROMOSOME PAINTING 
SYSTEM, Cambio Ltd.) in accordance with the method described in Matsubara et al., "FISH Experiment Protocol", 
published by Shujunsha, 1 994. As a result, in almost all of the observed metaphase spreads of all the 4 clones, human 
chromosome #14 or partial fragments thereof were detected in the form of an independent chromosome. The relative 
sizes of the observed human chromosome were consistent with those presumed from the results of the PCR analysis. 

30 [0142] The results of the above experiments demonstrate that the obtained G418 resistant clones 1-4, 1-5, 3-1 and 
3-2 retained the whole or partial fragments of human chromosome #14. 

Example 10 

35 Production of chimeric mice from the ES cells retaining human chromosome #14 or fragments thereof 

[0143] The cells in the frozen stocks of four G41 8 resistant ES cell clones (1 -4, 3-1 , 3-2 and 1 -5) that were prepared 
in Example 9 and which were confirmed to retain human chromosome #1 4 or fragments thereof were thawed, started 
to culture and injected into embryos at the eight-cell stage obtained by mating [ICR or MCH(ICR)] male and female 
40 mice (CREA JAPAN, INC.); the injection rate was 8-10 cells per embryo. The embryos were cultured in an ES medium 
overnight to develop to blastocysts. Two and half days after a foster mother ICR mouse (CREA JAPAN, INC.) was 
subjected to a pseudopregnant treatment, about ten of the injected embryos were transplanted to each side of the 
uterus of the foster mother. The results are shown in Table 3. 



Table 3. 



Production of chimeric mice from the TT2 cell clones retaining human chromosome #14 (fragments) 


ES cell clone/ 


G418 


Number of 


Number of 


Number of 


Contribution to coat color 


human 


resistant 


ES cell- 


offspring mice 


chimeric mice 








chromosome 


clone No. 


injected 8-cell 
















stage 
















embryos 






















<20% 


20-50% 


50-80% 


TT2/#14 


1-4 


98 


20 


1 






1 




1-5 


110 


14 


2 


1 




1 




3-1 


103 


11 


2 


1 


1 
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Table 3. (continued) 



Production of chimeric mice from the TT2 cell clones retaining human chromosome #14 (fragments) 


ES cell clone/ 

human 

chromosome 


G418 
resistant 
clone No. 


Number of 
ES cell- 
injected8-cell 
stage 
embryos 


Number of 
offspring mice 


Number of 
chimeric mice 


Contribution to coat color 


<20% 


20-50% 


50-80% 




3-2 


183 


19 


3 




2 


1 



[0144] As a result of the transplantation of a total of 494 injected embryos, 64 offspring mice were bom. Chimerism 
in the offsprings can be determined by the extent of TT2 cell-derived agouti coat color (dark brown) in the host embryo- 
15 derived albino coat color. Out of the 64 produced offsprings, 8 mice were recognized to have partial agouti coat color, 
indicating the contribution of the ES ceils. The maximum contribution was about 80% in one individual derived from 1 -4. 
[01 45] These results show that the G4 1 8 resistant ES cell clones (1 -4, 1 -5, 3-1 and 3-2) retaining human chromosome 
#14 or fragments thereof maintain the ability to produce chimera, that is, the ability to differentiate into normal tissues 
of mouse. 

20 

Example 11 



Confirmation of retention of human chromosome #14 fragment DNA in the chimeric mice derived from the ES cells 
retaining human chromosome #14 fragments 

25 

[0146] The retention of human chromosome #14 partial fragments in the chimeric mice obtained in Example 1 0 was 
confirmed by the methods described in (1 )-(3) below. 

(1 ) PCR analysis using DNAs derived from various tissues 

30 

[01 47] Genomic DNA was extracted from the tail of one individual derived from 3-1 (K3 - 1 - 1 : about 25% chimerism) 
by the same procedure as in Example 4. The DNA was used as a template to conduct PCR analysis using all of the 
14 primers for chromosome #14 analysis which were detected in 3-1 . As a result, expected amplification products were 
detected with all the 1 4 primers (Fig. 1 0). 

35 [01 48] With respect to the same individual (K3-1 -1 ), genomic DNA was obtained from the brain, kidney, spleen, heart, 
liver and thymus with a Puregene DNA Isolation Kit. For each tissue, PCR analysis was conducted with IGM primers 
(see Example 9). As a result, expected amplification products were detected in all the tissues (Fig, 11). The PCR 
products were electrophoresed on a 2% agarose gel and stained with ethidium bromide for detection. In Fig, 11, the 
lanes represent the following as counted from the left: B, brain; K, kidney; Sp, Spleen; H, heart; L, liven Th, thymus; 

40 pc, human fibroblast celt (HFL-1) DNA (positive control); nc, non-chimeric mouse tail DNA (negative control); and M, 
marker (Hindlll digested X DNA + Haelll digested $ X174 DNA, TAKARA SHU20 CO., LTD.). 

(2) Test on the tail-derived fibroblast cells for G41 8 resistance 

45 [0149] Fibroblast cells were prepared from the tails of two individuals derived from 3-2 (K3-2-1 : about 25% chimerism, 
and K3-2-3: about 50% chimerism) and one individual derived from 1-4 (K1-4-1: about 80% chimerism). In the same 
procedure as in Example 4, the tail of each chimeric mouse of 3-6 weeks was cut at a length of 5-10 mm and washed 
several times with PBS/1 mM EDTA, followed by notching of the tail with a knife. The outer layer was removed and the 
inner tissues were cut into fine pieces. The fine pieces of tissues were transferred into a tube containing 5 ml of PBS/ 

so 1 mM EDTA and left to stand for 30 minutes to 1 hour at room temperature. Subsequently, the supernatant was removed 
leaving a 1 ml portion of the PBS/EDTA behind, and 1 ml of 0.25% trypsin/PBS was added. The tissues were dispersed 
thoroughly by tapping or pipetting at room temperature for 5-10 minutes. After centrifugation at 1 ,000 rpm for 1 0 minutes, 
the precipitate. was suspended in 2 ml of DMEM (10% FCS) and inoculated into a 35 mm plate. After cultivation for 
7-10 days, the cells were treated with trypsin and about 104 cells per plate were inoculated into four 35 mm plates. 

55 G418 was added to the medium in two of the plates at a final concentration of 400 \i g/ml. The cells were cultured for 
5-7 days and the viable cells in each plate were counted. Under these conditions, 1 00% of the wild-type ICR mouse- 
derived fibroblast cells were killed in the presence of G41B. Assuming the same growth rate of the G418 resistant 
fibroblast in the non-selective and selective media, the ratio of the viable cells in the selective medium to those in the 
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non-selective medium is believed to reflect the contribution in the fibroblast ceil populations of the G418 resistant ES 
cell-drived f iblablast. As a result, the presence of G41 8 resistant fibroblast cells was observed in all the three individuals 
as shown in Fig. 12. In Fig. 12, % resistance is an average of 2 pairs of the select'rve/non-selective 35 mm plates for 
each mouse. ICR refers to the wild-type ICR mice. 

(3) FISH analysis of the tail-derived G418 resistant fibroblast cells 

[01 50] FISH analysis of the K3-2-3 and K1 - 4 - 1 derived G41 8 resistant f ibroblast cells obtained in (2) was conducted 
by the same procedure as in Example 2. Total human DNA extracted from the HFL-1 cells (Example 1) was labeled 
with FITC so that is could be used as a probe (Matsubara et al., "FISH Experimental Protocol", published by Shujunsha, 
1994). As a result, in almost all of the observed metaphase spreads of the both individuals, partial fragments of the 
human chromosome in independent forms were observed. 

[0151] These results show that the TT2 cell clones retaining fragments of human chromosome #14 contributed to 
various normal tissues in the mouse individuals and that they retained partial fragments of human chromosome #14. 

Example 12 

Transfer of partial fragments of human chromosome #2 into ES cells 

[0152] The mouse A9 cell W23 retaining a human chromosome #2 fragment (hereinafter referred to as "A9/#2 W23") 
from Example 1 was used as a chromosome donor cell. Mouse ES cell line TT2 (see Example 9) was used as a 
chromosome recipient cell. The microcell fusion and the selection of G418 resistant clones were conducted by the 
same procedures as in Example 2. The frequency of the appearance of the drug resistant clones was 1-3 per 10 7 of 
TT2 cells. The drug resistant clones were stored frozen and genomic DNA was prepared by the same procedures as 
in Example 2. The retention of partial fragments of human chromosome #2 in drug resistant clones 5-1, 5-2 and 5-3 
was confirmed by the methods described in (1) and (2) below. 

(1) PCR analysis 

[0153] The presence of C k and FABP1 that are the genes on human chromosome #2 (Genetic Maps, supra) and 
which were detected in the chromosome donor cell A9/#2 W23 was detected by a PCR method. 
[0154] As a result of PCR amplification using each primer, expected amplification products were detected with both 
primers in all of the 3 clones. 

(2) Fluorescence in situ hybridization (FISH) 

[0155] FISH analysis was conducted with probes specific to human chromosome #2 (CHROMOSOME PAINTING 
SYSTEM, Cambio Ltd.) by the same method as in Example 2. As a result, in almost all of the observed metaphase 
spreads of the 3 clones, partial fragments of human chromosome #2 in the form of independent chromosomes were 
detected. The sizes of the observed human chromosome were the same as those observed in A9/#2 W23. 
[0156] The results of the above experiments demonstrate that the obtained G418 resistant clones retained partial 
fragments of human chromosome #2. 

Example 13 

Production of chimeric mice from the ES cells retaining human chromosome #2 

[0157] The cells in a frozen stock of the G41 8 resistant ES cell clone 5-1 that was obtained in Example 12 and which 
was confirmed to retain human chromosome #2 was thawed, started to culture and injected into 8-celt stage embryos 
obtained by mating ICR or MCH(ICR) male and female mice (CREA JAPAN, INC.); the injection rate was 10-12 cells 
per embryo. The embryos were cultured in an ES medium (Example 9) overnight to develop to blastocysts. Two and 
half days after a foster mother ICR mouse (CREA JAPAN, INC.) was subjected to a pseudopregnant treatment, about 
ten of the injected embryos were transplanted to each side of the uterus of the foster mother. The results are shown 
in Table 4. 
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Table 4. 



Production of chimeric mice from the TT2 cell clone retaining human chromosome #2 (fragments) 


ES cell clone/ 

human 

chromosome 


G418 
resistant 
clone No. 


Number of 
ES cell- 
injected 8 cell 
stage 
embryos 


Number of 
offspring mice 


Number of 
chimeric mice 


Contribution to coat color 


<20% 


20-50% 


50-80% 


TT2/#2 (W23) 




264 


51 


18 


7 


5 


6 



[0158] As a result of the transplantation of a total of 264 injected embryos, 51 offspring mice were bom. Chimerism 
in the offsprings can be determined by the extent of TT2 cell-derived agouti coat color (dark brown) in the host embryo- 
derived albino coat color. Out of the 51 produced offsprings, 1 8 mice were recognized to have partial agouti coat color, 
indicating the contribution of the ES cells. The maximum contribution was about 80%. 

[0159] These results show that the G418 resistant ES cell clone (5-1) retaining a fragment of human chromosome 
#2 maintains the ability to produce chimera, that is, the ability to differentiate into normal tissues of mouse individual. 

Example 14 

Detection of human antibody heavy chain in sera of the human chromosome #14 transferred chimeric mice 

[0160] The concentrations of human antibody in the sera were determined by enzyme-linked immunosorbent assay 
(ELISA). The ELISA for human antibody was performed in accordance with the method described in Toyama and Ando, 
"Monoclonal Antibody Experiment Manual", published by Kodansha, 1987; Andou and Chiba, "Monoclonal Antibody 
Experiment .Procedure Manual", published by Kodansha Scientific, 1991; Ishikawa, "Super High Sensitivity Enzyme 
Immuno Assay", published by Gakkai-syuppan center, 1993; Ed Harlow and David Lane, "Antibodies A Laboratory 
Manual", published by Cold Spring Harbor Laboratory, 1988 and A. Doyle and J. B. Griffiths, "Cell & Tissue Culture: 
Laboratory Procedures", published by John Wiley & Sons Ltd., 1996. In some assays, the condition of reaction were 
modified, for example, the reaction was performed at 4°C over night. Antibodies to human-immunogloblin or antigen 
were diluted to about 0.5-10 u.g/ml (100-5000 fold) and ELISA plates were coated with these solutions. PBS supple- 
mented with 5% mouse serum (Sigma, M5905) was used for blocking and dilution of the samples and labeled antibod- 
ies. PBS was used for 20-fold dilution of the chimeric mouse sera. After washed, the coated plate was blocked over 1 
hour. After plate was washed, sample was added and incubated over a half hour. After washed, Enzyme labeled anti- 
human immunogloblin antibodies diluted 1 00-5000 folds were added to the plates and incubated over 1 hour, the plate 
was washed and then substrate was added. In some assays, the same procedure was applied except that a biotin- 
labeled antibody was used. After plate was washed, avidin-enzyme complex was added. After plate was washed, 
substrate was added. Absorbances were measured with a rnicroplate reader (Bio-tek instrument, EL312e). The chi- 
meric mice (Example 10, K3-1-2, K3-2-2 and K3-2-3) which were 29-35 days old were bled and assayed by ELISA. 
Anti-human IgM mouse monoclonal antibody (Sigma, I6385) was diluted with 50 mM carbonate - bicartonate buffer 
(pH 9.6) and absorbed to the 96-well microtiter plates. The serum samples diluted with mouse serum (Sigma, M5905) 
supplemented PBS were added to the plates. Subsequently, peroxidase-labeled anti-human IgM goat antibody (Tago, 
2392) was added and the plates were incubated. After ABTS substrate (Kirkegaard & Perry Laboratories Inc., 506200) 
was added, enzyme activity was determined by absorbance measurement at 405 nm. Purified human IgM antibody 
(CAPEL, 6001 -1590) and IgG (Sigma, I4506) were used as standards. The standards were diluted stepwise with mouse 
serum-supplemented PBS. In the determination of human IgG concentration, anti-human IgG goat antibody (Sigma, 
I3382) was absorbed to the plate and the human IgG was detected with peroxidase-labeled anti-human IgG goat 
antibody (Sigma, A0170). The results are shown in Table 5. Both human IgM and IgG were detected. 



Table 5. 



Concentrations of Human Antibodies in Chimeric Mouse Sera (ELISA) 


Chimeric Mouse (mg/l) 


IgG (mg/l) 


IgM 


K3-1-2 
K3-2-2 


0.37 
0.33 


3.7 
5.9 
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Table 5. (continued) 



Concentrations of Human Antibodies in Chimeric Mouse Sera (ELISA) 


Chimeric Mouse (mg/l) 


igG (mg/l) 


IgM 


K3-2-3 


0.51 


3.4 



[0161] Two milliliters of human serum albumin (HSA, Sigma, A3782) dissolved in PBS was mixed with adjuvant 
(MPL+TDM Emulsion, RIBI Immunochem Research Inc.) to prepare an antigen solution at a concentration of 0.25 mg/ 
ml. The chimeric mice retaining human chromosome #14 fragment (Example 10, K3-1-1 and K3-2-1) were immunized 
with 0.2 ml of the antigen solution 3 times at days 27, 34 and 41 after birth. The chimeric mouse sera were assayed 
by ELISA. The results are shown in Figs. 13 and 14. The human antibody concentration in the sera of the HSA-immu- 
"nized chimeric mice was increased after the immunization. In the K3 - 1 - 1 mouse, 18 u, g/ml of human IgM and 2.6 
H g/ml of IgG were detected in the serum at day 17 after the immunization. In the serum of the control ICR mouse, the 
human antibody titer was not significant. 

Example 15 

Production of human antibody heavy chain-producing hybridomas from the human chromosome #14 transferred 
chimeric mouse 

[0162] The spleen was removed from the human albumin-immunized chimeric mouse (K3-1-1, Example 14) at day 
44 after birth. The spleen cell was fused with a myeloma cell to produce a hybridoma. The hybridoma was produced 
using a myeloma cell P3X63Ag8.653 (DAINIPPON PHARMACEUTICAL CO., LTD., 05-565) by the method described 
in Ando and Chiba, "Monoclonal Antibody Experimental Procedure Manual", published by Kodansha Scientific, 1991, 
The hybridomas were inoculated into ten 96-wel) plates and cultured for 1 week. The culture supernatant was analyzed 
by ELISA. The ELISA procedure was conducted by using anti-human IgM mouse monoclonal antibody (Sigma, I6385) 
immobilized on ELISA plate in the same manner as in Example 1 4 to give 6 positive clones . HSA (antigen) was dissolved 
in 50 mM carbonate-bicarbonate buffer (pH 9.6) at a concentration of 5 ug/ml and the antigen solution was dispensed 
in 100 uJ portions into all the wells of the ELISA plates. After the addition of the supernqtant, peroxidase-labeled anti- 
human IgA + IgG + IgM goat antibodies (Kierkegaard & Perry Laboratories Inc., 04-10-17) were used for detection of 
HSA-specific human antibody. One positive clone was confirmed in the ten plates. This clone was one of the 6 human 
IgM positive clones. The clone (H4B7) was further cultured and the culture supernatant was diluted, followed by ELISA 
analysis using HSA as an antigen with peroxidase-labeled anti-human IgM goat antibody (Tago, 2392) in the same 
manner as described above. As a result, the absorbance decreased with the increase in the dilution of the culture 
solution. Serial twofold dilutions of 2 u.g/ml human IgM (CAPEL, 6001-1590) showed low absorbance regardless of 
dilution ratios. This suggests that the antibody produced by hybridoma H4B7 had a specificity to HSA (Fig. 15). In Fig. 
15, the dilution of the culture supernatant samples is plotted on the horizontal axis and the absorbance at 405 nm is 
plotted on the vertical axis. 

Example 1 6 

Re-marking of the G418 resistance-marked human chromosome #2 fragment with puromycin resistance 

[0163] The A9 cells retaining the G418 resistance-marked human chromosome #2 fragment (W23) (see Example 
1, Fig. 1) were cultured in a G418 (800 u.g/ml) containing selective medium (10% FBS, DM EM) in a 100 mm plate. 
Plasmid pPGKPuro (provided by Dr. Peter W. Laird (WHITEHEAD INSTITUTE)) containing puromycin resistance gene 
was linearized with restriction enzyme Sail (TAKARA SHUZO CO., LTD.) before transfection. The cells were treated 
with trypsin and suspended in Dulbecco's phosphate buffered saline (PBS) at a concentration of 5 x 106 cells/ml, 
followed by electroporation using a Gene Pulser (Bio-Rad Laboratories, Inc.) in the presence of 10 ng of DNA in the 
same manner as in Example 1 . A voltage of 1 000 V was applied at a capacitance of 25 u.F with an Electroporation Cell 
of 4 mm in length (Example 1) at room temperature. The electroporated cells were inoculated into media in 3-6 plates 
of 1 00 mm<|> . After one day, the medium was replaced with a double-selective medium containing 1 0 ug/ml of puromycin 
(Sigma, P-7255) and 800 u,g/mi of G41 8. The colonies formed after 2-3 weeks were collected in groups each consisting 
of about 200 colonies. The cells of each of the three groups were cultured in two or three 25 cm2 flasks to form 
microcells. The mouse A9 cells were cultured in a 25 cm 2 flask and fused with the microcells by the same procedure 
as in Example 1 . The fused cells were transferred into two 1 00 mm plates and cultured in the double-selective medium 
containing G418 and puromycin. One of the three groups gave two double-drug resistant clones. In these clones, it 
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was most likely that puromycin resistance marker had been introduced into human chromosome #2 fragment. 
Example 17 

Duplication of transferred human chromosome in the human chromosome transferred ES cells 

[0164] The ES cell clone retaining the G418 resistance marked human chromosome #14 fragment (E14/#14 - 36) 
was cultured in a medium containing G418 at a high concentration to give ES cell clones in which the human chromo- 
some was duplicated ( "Biomanual Series 8, Gene Targeting", published by Yodosha, 1995). G418 resistant mouse 
primary cells (purchased from Lifetech Oriental) were inoculated into a 100 mm plate without treating with mitomycin 
C and used as feeder cells. The E14/#14-36 cells were inoculated into the 100 mm plate and after half a day, the 
medium was replaced with a medium containing G41 8 at a concentration of 1 6 mg/ml. The medium was replaced every 
1 -2 days. The G41 8 concentration was changed to 10 mg/ml one week later and the cultivation was continued. Among 
the colonies formed, 15 were picked up and cultured, followed by FISH analysis of chromosome using human chro- 
mosome #14 specific probes (see Example 9). As a result, human chromosome #14 fragment was found to have 
duplicated in the 8 clones. 



Example 1 8 

Preparation of Mouse ES cells retaining both human chromosome #2 partial fragments and human chromosome #14 
partial fragments, 

[01 65] In a microcell transfer experiment using the double-drug resistant clone PG-1 from Example 1 6 as a microcell 
donor cell and a wild-type A9 cell as a recipient cell, it was confirmed that the human chromosome #2 partial fragment 
retained in PG - 1 was marked with a puromycin resistance gene. The preparation of microcells and the fusion with 
the A9 cells was carried out by the same methods as in Example 1 . As a result, 10 days after the microcell fusion, a 
total of fifty nine G41 8 resistant colonies appeared. After the medium for these colonies was changed to one containing 
8 u,g/ml puromycin, the colonies were cultured for 3 days to give 45 viable colonies (76%). In many cases of microcell 
fusion, only one or few chromosomes are transferred into a recipient cell. Hence, cotransfer of both the resistance 
genes' at a high frequency shows that the G418 resistance-labeled chromosome #2 partial fragment retained in the 
PG1 clone was also marked with the puromycin resistance gene. In addition, for the detection of the respective marker 
genes on the human chromosome #2 partial fragment, FISH analysis was conducted by using pSTneoB (see Example 
1 ) as a probe in the case of the A9/#2 W23 clone having only G41 8 resistance (see Example 1 6) and by using pPGKPuro 
(see Example 16) as a probe in the case of the PG1 clone in accordance with the method described in Matsubara et 
al., "FISH Experiment Protocol", published by Shujunsha, 1994. As a result, in the case of the A9/#2 W23 clone, one 
signal was observed in each of the sister chromatids of the human chromosome #2 partial fragment observed in Ex- 
ample 1 2 (2 signals in total). This indicated the insertion of pSTneoB into the human chromosome #2 partial fragment 
at one site. In the case of the PG1 clone, a total of 4 signals were observed on a chromosome fragment of the same 
size as in A9/#2 W23. Since pSTneoB and pPGKPuro had identical sequences in their vector portions, the pSTneoB 
could be detected by the pPGKPuro probe. Hence, it is believed that out of the four signals observed in the PG1 clone, 
two were from the pSTneoB and the other two were from the pPGKPuro. These results show that the human chromo- 
some #2 partial fragment retained in the PG1 was marked with both the G418 and puromycin resistances. 
[01 66] The PG1 cell clone was used as a chromosome donor cell to prepare a mouse ES cell retaining both a human 
chromosome #2 partial fragment and a human chromosome #14 partial fragment. The G418 resistant TT2 cell done 
1-4 already retaining the human chromosome #14 partial fragment (see Example 9) was used as a chromosome re- 
cipient cell. The microcell fusion and the selection of puromycin resistant cells were carried out by the same methods 
as in the selection of the G41 8 resistant clones in Example 9 except that the concentration of puromycin was 0.75 \igf 
ml. The frequency of the appearance of the resulting puromycin resistant clones was 3-7 per 10 7 of 1-4 cells. The 
presence of G41 8 resistance in these puromycin resistant clones was confirmed from the fact that they were grown in 
the presence of 300 ng/ml of G418. The double-drug resistant clones were stored frozen and genomic DNA was 
prepared by the same methods as in Example 2. The retention of the human chromosome #2 partial fragment and 
human chromosome #14 partial fragment was confirmed by the method described in (1) in the case of double-drug 
resistant clones PG5, PG15 and PG16 and by the method described in (2) in the case of the clone PG15. 

(1) PCR analysis 

[0167] Genomic DNAs of the double-drug resistant clones were used as templates in the PCR amplifications. Among 
the markers on human chromosomes #2 and #14 (Genetic Maps, supra), the primers whose presence in the A9/#2 
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W23clonewasconfirmedinExa^ 

9 were used. All the primers gave expected amplification products in all the three clones. 
(2) Fluorescence in situ hybridization (FISH) 

rmfiRi FISH analvsis was conducted by using FITC-labeled human total DNA as a probe in the same manner as in 

SS^^iMitcSc probes in the case of the TT2/«14 1-4 clone in Example 9 and the small fr agment had t he 

om^ mou' e The tTo (la^e an small) chromosome figments of high brightness due to F.TC fluorescence ,as 
sZn by arrows lere derLd'f rom the human, which are believed to correspond to the human chromosome #1 4 and 

[o^ZTre^s show that the obtained double-drug resistant ES clones retained both the human chromosome 
#2 partial fragment and the human chromosome # 1 4 partial fragment. 

Example 19 

Production of chimeric mice from the mouse ES cell clones retaining both human chromosome #2 partial fragments 
and human chromosome #14 partial fragments 

tm7m Xhe cells in frozen stocks of the G41 8 and puromycin double-resistant TT2 cell clones PG5, PG15 and PG1 6 
" m Exam e TZ h were confirmed to retain human chromosome #2 partial fragments and humar, 
LTn/rZf foments were thawed, started to culture and injected into 8-cell stage embryos obta.ned by matmg ICR 
ITucSSe ^^ (CREA JAPAN, INC.); the injection rate was 10-1 2 cells per emb^o. The embr/os 
l™^STn a "Xm for ES ce Is (see Example 9) overnight to develop to blastocysts. Two and a half day after 
I ste m ICR mouse was subjected to a ps'eudopregnant treatment, about ten of the injected embryos were 
transplanted to each side of the uterus of the foster mother. The results are shown m Table 6. 
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Production of chimeric mice from the mouse ES cell clones reta.mng both human chror 

and human chromosome #14 partial fragments 


nosome #2 partial fragments 


ES cell clone/ 

human 

chromosome 


Double-drug 

resistantclone 

No. 


Number of 
ES cell- 
injected8-cell 
stage 
embryos 


Number of 
offspring mice 


Number of 
chimeric mice 


Contribution to coat color 


<10% 


10-50% 


50%< 


TT2/ 
#14+#2 


PG5 

PG15 

PG16 


160 
168 
223 


26 
15 
32 


8 
3 

12 


7 
1 
3 


1 

2 
6 


3 



101711 As a result of the transplantation of a total of 551 injected embryos, 73 offspring mice were born. Chiasm 

«£L»'»nd hum* chromosome .14 pwial figment* m.M.h ll>. ability to produce ch,mera. .hat ,8. the ebaty 

to differentiate into normal tissues of mouse. 
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Example 20 

Detection of human antibody in sera of the chimeric mice derived from the ES cells retaining both human chromosome 
#2 partial fragments and human chromosome #14 partial fragments 

5 

[0173] The two KPG-15 (9 weeks old; derived from the PG-5 clone, 10% chimerism) and KPG-18 (5 weeks old; 
derived from the PG-5 clone, 1 0% chimerism) chimeric mice from Example 1 9 were immunized with 0.2 ml of a solution 
of human serum albumin (HSA, Sigma, A3782) and adjuvant (MPL+TDM Emulsion, RIBI Immunochem Research Inc.) 
at a HSA concentration of 0.25 mg/ml. The chimeric mice were bled just before the immunization and 8 days after that 

10 and the concentrations of human antibody \i and k chains in the sera were determined by ELISA (see Example 14). 
Ninety six-well microtiter plates were coated with anti-human antibody k chain goat antibody (VECTOR LABORATO- 
RIES INC., AI-3060) diluted with 50 mM carbonate-bicarbonate buffer (pH 9,6) and then a serum sample diluted with 
mouse serum (Sigma, M5905) - containing PBS was added. Subsequently, biotin-labeled anti-human antibody k chain 
goat antibody (VECTOR LABORATORIES INC., BA-3060) was added to the plates and incubated. A complex of bi- 

15 otinylated horseradish peroxidase and avidin DH (VECTOR LABORATORIES, INC., Vectastain ABC Kit, PK4000) was 
added and incubated. After S.S'.S.SMetramethylbenzidine (TMBZ, Sumitomo Bakelite, ML-1120T) was added as a 
peroxidase substrate, enzyme activity was determined by absorbance measurement at 450 nm. Purified human IgG 
antibody having k chain (Sigma, I-3889) was used as standard. The standard was diluted stepwise with mouse serum- 
supplemented PBS. In the case of \i chain, 96-well microtiter plates were coated with anti-human antibody \i chain 

20 mouse monoclonal antibody (Sigma s I-6385) diluted with 50 mM carbonate-bicarbonate buffer (pH 9.6) and then a 
serum sample was added. Subsequently, peroxidase-labeled anti-human antibody u. chain mouse antibody (The Bind- 
ing Site Limited, MP008) was added to the plates and incubated. After TMBZ (Sumitomo Bakelite, ML-1120T) was 
added, enzyme activity was determined by absorbance measurement at 450 nm. Purified human IgM antibody having 
H chain (CAPPEL, 6001-1590) was used as standard. The standard was diluted stepwise with mouse serum-supple- 

25 mented PBS. As a result, both the human antibody and k chains were detected in both individuals. The concentrations 
of these human antibodies in the sera increased after the immunization (Tables 7 and 8). 



Table 7. 



Concentrations of Human Antibodies in Chimeric Mouse KPG15 (ELISA) 




IgM (mg/l) 


IgK (mg/l) 


Before Immunization 


0.19 


1.6 


8 Days After Immunization 


0.75 


1.7 


Table 8. 


Concentrations of Human Antibodies in Chimeric Mouse KPG18 (ELISA) 




IgM (mg/l) 


Ig k (mg/l) 


Before Immunization 


0.29 


0.57 


8 Days After Immunization 


3.4 


0.87 



[0174] These results show that human antibody heavy and light chain genes can function in the chimeric mice derived 
from the ES cells retaining both human chromosome #2 partial fragments and human chromosome #14 partial frag- 
ments. 

Example 21 

Detection of anti-HSA human antibody y chain in sera of the human chromosome #14 fragments transferred chimeric 
mice 

[0175] The chimeric mice retaining human chromosome #1 4 fragments which were produced by the same method 
as in Example 10 (K9 and K11: both were derived from the TT2 cell clone 3-2, -with chimerisms of 50% and 30%, 
respectively) were immunized with HSA either 4 times at days 79, 93, 107 and 133 afterbirth (K9) or 3 times at days 
74, 88 and 111 after birth (K11) by the same method as in Example 20. Antibodies including human y chain against 
human serum albumin in the sera of the chimeric mice were detected by ELISA. Ninety six-well microtiter plates were 
coated with HSA (Sigma, A 3782) diluted with 50 mM carbonate-bicarbonate buffer (pH 9.6) and then a sample diluted 
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15 



SO 



25 



with PBS was added Subsequently, peroxidase-labeled anti-human IgG mouse antibody (Pharmingen, 08007E) was 
added to the plates and incubated. After O-phenylenediamine (OPD, Sumitomo Bakelrte. ML-11300) was added as a 
peroxidase substrate, enzyme activity was determined by absorbance measurement at 490 nm. The titer of the anti- 
HSA human IgG in the sera of the chimeric mice immunized with HSA increased after the immunization. On the other 
hand control ICR mouse gave a background level of the anti-HSA human IgG titer after the Immunization wrth HSA. 
The results are shown in Fig. 17. In Fig. 17, the number of days after the first immunization of the chimenc mice wrth 
HSA is plotted on the horizontal axis and the absorbance at 490 nm is plotted on the vertical axis. These results show 
that the antibody titer of the antigen specific human IgG was increased by stimulation with the HSA antigen in the 
chimeric mice retaining human chromosome #14 fragments. 

Example 22 

Detection of human antibody X chain in a serum of the human chromosome #22 fragment transferred chimeric mouse 

r017$1 The chimeric mouse K22-7 from Example 3 (9 weeks old; 1 0% chimerism) was bled and human antibody X 
chain in the serum was detected by ELISA (see Example 14). Ninety six-well microliter plates were coated wrth anti- 
human antibody X chain goat antibody (VECTOR LABORATORIES INC., AI-3070) diluted with 50 mM carbonate- 
bicTonate buffer ( P H 9.6) and then a serum sample was added. Subsequently, biotin-labeled anti-human antibody 
X chain aoat antibody (VECTOR LABORATORIES INC., BA-3070) was added to the plates and incubated. A complex 
oftoSed horseradish peroxidase and avidin DH (VECTOR LABORATORIES, INC., Vectastain ABC Kit) was 
added and incubated. After TMBZ (Sumitomo Bakelite, ML-1120T) was added as a peroxidase substrate, enzyme 
activity was determined by absorbance measurement at 450 nm. Purified human IgG antibody having X chain (Sigma 
I 4014) was used as standard. The standard was diluted stepwise with mouse serum-supplemented PBS. As a result, 
human antibody X chain was detected in the chimeric mouse at a concentration corresponding to 1 B0 ng/ml of human 
IgG. These results show that human antibody X chain gene can function in the chimeric mouse retaining a human 
chromosome #22 fragment. 
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Example 23 

Detection of human antibody k chain in sera of the human chromosome #2 fragment transferred chimeric mice 

r0177l The chimeric mouse K2-8 from Example 13 (5 weeks old; 70% chimerism) and the chimeric mice K2-3 K2-4 
and K2-12 from Example 13 (9 weeks old; chimerisms was 50%, 20% and 80%, respectively) were bled and human 
antibody k chain in the sera was detected by ELISA (see Example 14). Ninety six-well microtiter ptalnwe coated 
wttn antlhuman antibody x chain goat antibody (VECTOR LABORATORIES INC., A. - 3060) diluted wrth 50 mM car- 
bonate-bicarbonate buffer (pH 9.6) and then a serum sample was added. Subsequently, biotin-labeled anti-human 
antibodv k chain goat antibody (VECTOR LABORATORIES INC.. BA-3060) was added to the plates and mcubatecK 
A complex of biot^ylated horseradish peroxidase and avidin DH (VECTOR LABORATORIES. INC.. Vectastain ABC 
KM was added and incubated. After TMBZ (Sumitomo Bakelite, ML-1 120T) was added, enzyme activity was determined 
by absorbance measurement at 450 nm. Purified human IgG antibody having k chain (Sigma, I-3889) was used as 
standard. The standard was diluted stepwise with mouse serum-supplemented PBS. The results are shown in Table 9. 

Table 9. 





Concentration of Human Antibody k Chain in Chimeric Mouse (ELISA) 


45 


Chimeric Mouse 


lg k (mg/l) 




K2 


-3 


124 




K2 


-4 


85 




K2 


- 8 


25 


50 


K2 


-12 


56 



r0178l The chimeric mice K2-3 and K2-4 retaining human chromosome #2 fragments from Example 1 3 were immu- 
nized with HSA 3 times at days 66, 80 and 1 02 after birth by the same method as in Example 20. The chimenc mouse 
K2-12 was immunized with HSA, 4 times at days 63, 77, 91 and 116 after birth by the same method as.in Example 20. 
Human antibody k chain against HSA in the sera of the chimeric mice was detected by ELISA (see Example 14). Ninety 
six-well microtiter plates were coated wrth HSA (Sigma, A 3782) diluted with 50 mM carbonate-bicarbonate buflerlpH 
9 6) and then a sample was added. Subsequently, biotin-labeled anti-human antibody k chain goat antibody (VECTOR 
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I ABORATORIES INC BA - 3060) was added to the plates and incubated. A complex of biotinylated ^radish 

peroxide a d avidin DH (VECTOR LABORATORIES, INC., Vectastain ABC Kit) was added and 

OPD Sumitomo Bakelrte, ML-11300) was added as a peroxidase substrate, enzyme activity was determined by a* 

IJh US ^creased after the immunization. On the other hand, control ICR mouse gave a background level of the anti- 
Ts^l " ^ ntLrltrThe immunization. The resuKs are shown in Fig. 18. In Fig. 18. the number ol ■ dy after 
tteflll immunization of the chimeric mice with HSA is plotted on the horizontal ax,s and the ab sorbance at 490 nm is 
ploSon7he vertical axis. These resu.ts show that human antibody k chain gene can funct.on m the ch.men mice 
Sn?nghumanchromosome#2 fragments and that the antibody titer of the antigen specrt.c human I 9 k was .ncreased 
by stimulation with the HSA antigen in the chimeric mice. 

Example 24 

Preparation of human antibody heavy chain (u chain or 7 chain)-producing hybridomas from the human chromosome 
#14 transferred chimeric mouse 

[01791 The spleen was removed from the HSA-immunized chimeric mouse K9 (see Example 21) at ^da> r 1* i after 
Ka spleen cell was fused with a myeloma cell to produce a hybridoma. The hybndoma was producec fusing i a 
™Lma cell Sp-2/0-Ag14 (Dainippon Pharmaceutical Co., Ltd.. 05-554) by the method descnbed in Toyama and 
ZTlZZZl^ZeuX Procedure Manual", published by Kodansha Scientific ,1991 The cells were 
Tnocuiated into a medium containing 10% ORIGEN Hybridoma Cloning Factor (HCF, Bokusu Brown) n eight 9 -well 
Sates and G418 was added after 3 days at a concentration of 1 mg/ml, followed by cultivation for 1-3 weeks^The 
Sure suDernatant was analyzed by ELISA. Ninety six-well microti plates were coated with anti-human u chain 
ml mToS antibody (SigmaW) diluted wKh 50 mM carbonate-bicarbonate 

fluted with PBS was added. Subsequently, peroxidase-labeled anti-human u cha.n mouse antibody (The Binding Site 
SlTED MP008) was added to the plates and incubated. 2,2'-Azino-di- (3-ethyl-benzothiaz o. 'ne-6-sulfonat^ ) diam- 
moniumsalt(ABTS. Kirkegaard & Perry Laboratories Inc.. 04-10-17) was used as a substrate to detect seven posrtrve 
don s in 2 detection 3 y chain-producing clones. 96-we.l microliter plates were coated with anti-humar, >y chain 
mouse monoconal antibodj (Sigma, 1-6260) and a sample diluted with PBS was added Subsequentty perox.da^e- 
Z£3-human y chain mouse antibody (Phamningen, 08007E) was added to the plates and I '^bate^ ABTS 
(Kirkegaard & Peny Laboratories Inc.. 04-10-17) was used as a substrate and two human antibody y cha.n-positive 
clones were obtained. 

Example 25 

Preparation of human antibody light chain-producing hybridomas from the human chromosome #2 transferred chimeric 



mouse 



101801 The spleen was removed from the HSA-immunized chimeric mouse K2-3 (see Example 23) a day 1 05 after 
birth A spleen cel. was fused w«h a myeloma cell to produce a hybridoma. The hybndoma was ' J"jj « 

mveloma cell P3X63Ag8.653 (Dainippon Pharmaceutical Co., Ltd., 05-565) by the method described ,n Toyama and 
3 -MontS .a. Antibody Experiment Procedure Manual-, published by Kodansha Scientific. mTtaM 
Tnocuiate^ into a medium containing 1 0% HCF (Bokusui Brown) in ten 96-well plates and G41 8 was added after 3 ^days 
a, a coSLtion of 1 mg/ml. followed by cultivation for 1 -3 weeks. The culture supernatant was assayed by ELISV 
The ELISA analysis was conducted by the same method as in Example 23 and two human antibody k cha.n-posit.ve 
clones were obtained. 



Example 26 

Re-marking of the G418 resistance-marked human chromosome #22 with puromycin resistance 

r0181l The A9 cells retaining the G41 8 resistance-marked human chromosome #22 <A9/#22 7 2) from Example , 1 
we£ e-maLd with puromycin resistance by the same method as in Example 1 6. About 200 co.on.es ot ^uble-d ug 
Tes stanTclones obtained by electroporation of the y 2 cells with pPGKPuro were collected as one group and three 
luch alps (P1 P2 and P3) were used as donor cells to perform microcell transfer into w.ld-type mouse A9 cells.As 
a resu 6 P 1 an 3 of double-drug resistant clones were obtained from the groups P1 . P2 and P3, respect^ The 
clone M I rom group P3 was used as a microcell donor cell and a wild-type A9 cell as a recipient ceH to pertorm , a 
n^irocel transfer experiment (see Example 18). As a result, the human chromosome #22 was confirmed to have been 
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further marked with a puromycin resistance gene. The preparation of microcells and the fusion J™ 
further marKea wun a F j F , 1 A sult ^^h, eiqnt G418 resistant colonies appeared 11 days 

puromycin resistance gene. 
Example 27 

Preparation and Sequencing of cDNA of a human antibody heavy chain variabie region from thehuman antibody heavy 
chain-producing hybridoma 

amplify a human antibody heavy chain variable region. 



10 



20 



25 



CM 



CM1 (human IgM constant region) :5'- 
TTGTATTTCCAGGAGAAAGTG (SEQ ID NO: 45) 

2 (ditto) : 5 * -GGAGACGAGGGGGAAAAGGG (SEQ IB NO : 4 6 ) 



30 HS1 (human heavy chain variable region) : 5'- 

ATGGACTGGACCTGGAGG(AG)TC(CT)TCT(GT)C (SEQ IP NO:47) (a 

mixture of 8 sequences) 



35 



40 



HS2 (ditto) : 5 • - 

ATGGAG (CT) TTGGGCTGA (GC) CTGG (GC) TTT (CT) T (SEQ ID NO : 4 8 ) 
(a mixture of 16 sequences) 

45 HS3 (ditto) " 5 1 - 

ATG (AG ) A ( AC ) (AC) < AT) ACT ( GT ) TG < GT ) (AT) (GCT)C(AT) (CT) (GC 
)CT(CT)CTG (SEQ ID NO : 4 9 ) (a mixture of 6144 
sequences) 



50 



55 



♦ / \ ™*Qnc thnt flnv one of the bases therein should be selected. . 
,17^ S, cases of the H4B7 and H8F9 hybridomas, the first run of PGR was performed by usmg three kmds of 
1 JiS^" ^1xCM1 HS2XCM1 and HS3xCM1 in 40 cycles at 94 -C for 1 minute, 50 -C for 2 m.nutes 
^^S^m^T^i Cycler 140 (Perkin-Elmer Corp.). The PGR products were amplrf,ed again 
^der he sal «eZ ature condftions in 30 cyc.es using HS1 xCM2, HS2xCM2 and HS3xCM2 pnmers. respect,ve.y. 
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The amplification products were electrophoresed on a 1.5% agarose gel and detected by sta.n.ng wrth eth,d.um bro- 
mide As a Ssult, an amplification product of about 490 bp was detected with the HS3xCM2 pnmer « M c~»f «» 
H4B7 hvbridoma In the case of the H8F9 hybridoma. a slight band was detected at the same s«te w.th the HS3xCM2 
"ZXe Z* in the case of H8F9 was amplified again with the HS3xCM2 primer in 30 cycles under the same 
tempeie conditions as above. As a result, the amplification product was detected as a very .ntens.ve ^™*» 
POT products were cloned into a pBlueScriptll SK + (Stratagene Ltd.) at a Smal site .n accordance wrth the method 
described in Ishida et al., "Gene Expression Experiment Manual", published by Kodansha Scents. 1 9f -A™"9 he 
aSication product-inserted plasmid s, p.asmids #2, #3, #4(H4B7), #11 , #13 and #14 (H8F9) were elected and he 
nSS sequences of the amplification products were determined with a Fluorescence Autosequencer (Appl.ed 

wSosTor k nL human antibody VH region (Marks et a,., Eur. J. .mmunol. 21 . 985, 1 991) and JH reg.on Ra^tch 
et al Cell 27 583-, 1981), tt was revealed that both the H4B7 and H8F9 hybridomas conta.ned a «>mbinat,o .of 
genes for Vrw'family and JH2. These results show that the chimeric mouse retaining human chromosome #14 part.al 
fragment produced a complete functional human antibody heavy chain protein. 

Example 28 

Preparation and Sequencing of cDNA of human antibody k chain from the spleen of the human antibody k chain- 
expressing chimeric mouse 

r0184l in the same manner as in Example 5. cDNA was prepared from the spleen of the chimeric mouse ^8 'rom 
Example 13 which was confirmed to express human antibody k chain in Example 23. Us,ng the resukmg ,cDNA and 
the 3ow n 9 Primers prepared wrth reference to Larrick et a.., BIO/TECHNOLOGY, 7. 934-. 1989; Whitehurst et a. 
N^KSb Si 20, 4929-, 1992. PCR was performed to amplify human antibody x chain vanable region. cDNA 
SS/lSoJS chimeric mouse K2-8 and cDNA from the spleen of the chimeric mouse K3-2-2 derived from the 
TT2/#14 3-2 clone (see Example 10) were used as negative controls. 

KC2 (human Ig « chain constant region) : 5'- 
CAGAGGCAGTTCCAGATTTC (SEQ ID NO: 50) 

KC3 (ditto) : 5 ' -TGGGATAGAAGTTATTCAGC (SEQ ID NO:51) 
KVMIX (human Ig * chain variable region) : 5'- 
ATGGACATG (AG) (AG) (AG) (AGT) (CT)CCUCT) (ACG)G(CT) (GT)CA< 
CG)CTT ( SEQ ID NO:52) (a mixture of 3456 sequences) 

• ( ^ means that any one of the bases therein should be selected. 

f0185l PCR was performed by using primer combinations of KVMIXxKC2 and KVMIXxKCS in 40 cycles at 94 C for 
5 Sends 55 -C for 15 seconds and 72'C for 20 seconds with a Thermal Cycler 9600 (Perkm-Elmer Corp.). The 
amp»n products were electrophoresed on a 1 .5% agarose gel and detected by staining w.th eth.d.um brom.de. 
ATa Jesu expected amplication products of about 420 bp (KC2) and about 460 bp (KC3) were detected. In the case 
ottheTo Negative controls, no specific ampliation product was detected. These amplificat.on P^^e c^e6 
Mo a PBlueScriptll SK + (Stratagene Ltd.) at a Smal or EcoRI site in accordance with the method desenbed n Ish.da 
e, al "Gene Exp ession Experiment Manual", published by Kodansha Scientific. 1 995. Among the amp iffcafon prod- 
^SptaLd.. VK-#1 clone derived from the KVMIXxKC2 primers was selected and the nucleotide sequence 
ofthe ampHfLion product was determined with a Fluorescence Autosequencer (Applied B.osystems Inc.). S.nce the 
Tamednucleotidesequencedidnotc^ 

reSn of human Ig k chain, the Coned ampliation produCs are believed to encode a vanable reg.on of funC onal 
human la k chain As a result of the comparison of the obtained nuc.eotide sequences w.th those of known human 
anS V k re gion (Klein et a.., Eur. J. Immunol. 23. 3248-, 1993) and J k region (Whitehurst et a supra) ,t was 
reveled thi the VK-#1 Cone contained a combination of genes for Vk3 family and Jk4. These resutts show that the 
cTeric mo se retaining human chromosome #2 partial fragment produced a complete functional human anfcbody k 
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chain protein. 
Example 29 

5 Detection and quantitation of human antibody y chain subclasses and u chain in sera of the chimeric mice retaining 
human chromosome #14 fragment 

f0186l The chimeric mice K15A and K16Afrom Example 10 (derived from the 1-4 clone, with chimerism of 70% and 
50%, respectively) of 11. weeks after birth were bled and human antibody -/chain subclasses and n chain in the sera 
10 were detected by the same ELISA method as in Example 14. 

Quantative Determination of human IgGI 

f01 871 Ninety six-well microliter plates were coated with anti-human IgG antibody (Sigma, I - 6260) diluted with PBS. 
15 A serum sample was added. Subsequent^, peroxidase-labeled anti-human lgG1 antibody (Pharmingen, 08027E) was 
added to the plates and incubated. After TMBZ (Sumitomo Bakelite, ML-1 1 20T) was added, enzyme activrty was de- 
termined by absorbance measurement at 450 nm. Purified human lgG1 antibody (Sigma, I-3889) was used as standard. 
The standard was diluted stepwise with mouse serum-supplemented PBS. 

20 Quantative Determination of human lqG2 

r0188l Ninety six-well microliter plates were coated with anti-human lgG2 antibody (Sigma, 1-9513) diluted with PBS^ 
A serum sample was added. Subsequently, peroxidase-labeled anti-human IgG antibody (Sigma. A-0170) was added 
to the plates and incubated. After TMBZ (Sumitomo Bakelite, ML-11 20T) was added, enzyme activity was determined 
25 by absorbance measurement at 450 nm. Purified human lgG2 antibody (Sigma, 1-4139) was used as standard. The 
standard was diluted stepwise with mouse serum-supplemented PBS. 

Quantative Determination of human lgG3 

r0189l Anti-human lgG3 antibody (Sigma. I-7260) was diluted with 1 00 mM glycine-HCI buffer (pH 2.5) and incubated 
for 5 minutes at room temperature, followed by 1 0-fold dilution with 1 00 mM phosphate buffer (pH 7.0) 
Ninety six-well microtiter plates were coated wrth the anti-human lgG3 antibody solution. A serum sample was added. 
Subsequently, peroxidase-labeled anti-human IgG antibody (Pharmingen. 08007E) was added to the plates and incu- 
bated After TMBZ (Sumitomo Bakelite, ML-1 120T) was added, enzyme actMty was determined by absorbance meas- 
urement at 450 nm. Purified human lgG3 antibody (Sigma, I-4389) was used as standard. The standard was diluted 
stepwise with mouse serum-supplemented PBS. 

Quantative Determination of human lgG4 

r0190l Anti-human lgG4 antibody (Sigma, I-7635) was diluted with 100 mM glycine-HCI buffer (pH 2.5) and incubated 
or 5 minutes at room temperature, followed by 10-fold dilution with 100 mM phosphate buffer (pH 7.0) 
Ninety six-well microtter plates were coated with the anti-human lgG3 antibody solution. A serum sample was added. 
Subsequently peroxidase-labeled anti-human IgG antibody (Pharmingen, 08007E) was added to the plates and incu- 
bated After TMBZ (Sumitomo Bakelite, ML-1120T) was added, enzyme activity was determined by absorbance meas- 
urement at 450 nm. Purified human lgG4 antibody (Sigma, I-4639) was used as standard. The standard was diluted 
stepwise with mouse serum-supplemented PBS. 

Quantative Determination of human IgM 

r0191l Ninety six-well microtiter plates were coated with anti - human u chain mouse monoclonal antibody (Sigma, 
- 6385) diluted Wrth PBS. A serum sample was added. Subsequently, peroxidase - labeled anti-human |i chain mouse 
antibody (The Binding Site Limited, MP008) diluted with mouse serum (Sigma, M5905)-supplemented PBS was added 
to the plates and incubated. After TMBZ (Sumitomo Bakelite, ML-1 1 20T) was added as a peroxidase substrate enzyme 
activity was determined by absorbance measurement at 450 nm. Purified human IgM having u chain (CAPPEL, 
6001-1590) was used as standard. The standard was diluted stepwise with mouse serum (Sigma. M5905)-supple- 

[M21 The' results are shown in Table 1 0. All the subclasses IgGI . lgG2. lgG3 and lgG4, and IgM were detected In 
the two chimeric mice K15A and K16A. 
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Table 10. 



Concentrations of Human antibody IgG Subclasses and IgM in the Chimeric Mice (ELISA) 


Chimeric mouse 


lgG1 


igG2 


lgG3 


igG4 


IgM (mg/l) 


K15A 


2.25 


1.96 


0.17 


0.43 


7.09 


K16A 


0.30 


0.69 


0.10 


0.07 


0.87 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Example 30 

Preparation of mouse ES cell clones (TT2) retaining human chromosome #22 

[0193] The cell clone 6-1 (A9/#22, G418 and puromycin resistant) from Example 26 was used as a chromosome 
donor cell for the preparation of mouse ES cell (TT2) retaining human chromosome #22. A wild-type TT2 cell line (see 
Example 9) was used as a chromosome recipient cell. The microcell fusion and the selection of puromycin resistant 
clones were conducted by the same procedures as in the selection of G418 resistant clones in Example 9 except that 
the concentration of puromycin was 0.75 u.g/ml. The frequency of the appearance of the puromycin resistant clones 
was 1 -2 per 1 0 7 of TT2 cells. The puromycin resistant clones were stored frozen and genomic DNA was prepared by 
the same methods as in Example 2. The retention of human chromosome #22 in the puromycin resistant clone PG22-1 
was confirmed by the methods described in (1) and (2) below. 

(1) PCR analysis 

[0194] Genomic DNA of the puromycin resistant clone was used as a template in PCR amplification. Among the 
genes on human chromosome #22 (Genetic Maps, supra), ten primers whose presence in the A9/#22 clone was con- 
firmed in Example 2 were used in the PCR amplification. All the markers which existed in the A9/#22 clone (see Example 
2) were detected. 

(2) Southern blot analysis 

[0195] In accordance with the same method as described in Example 2 using human L1 sequence as a probe, 
Southern blot analysis was conducted with genomic DNAs obtained from wild-type TT2 (negative control), the chro- 
mosome donor celt 6-1 and the puromycin resistant TT2 cell clone PG22-1 . The results are shown in Fig. 1 9. In Fig. 
19, the molecular weights of DNAs are shown at the left side. The band pattern of the PG22-1 clone was equivalent 
to that of the 6-1 cell and the signal intensities were the same. Hence, it was confirmed that chromosome #22 in the 
6-1 cell had been transferred certainly into the PG22-1 clone. 

[0196] These experiments demonstrate that the puromycin resistant TT2 cell clone PG22-1 retained the whole or 
the most part of human chromosome #22. 

Example 31 

Production of chimeric mice from the mouse ES cells (TT2) retaining human chromosome #22 

[0197] The cells in a frozen stock of the puromycin resistant TT2 cell clone PG22-1 from Example 30 which was 
confirmed to retain human chromosome #22 were thawed, started to culture and injected into 8-cell stage embryos 
obtained by mating ICR or MCH(ICR) male and female mice (CREA JAPAN, INC.); the injection rate was 10-12 cells 
per embryo . The embryos were cultured in a medium for ES cells (see Example 9) overnight to develop to blastocysts. 
Two and a half day after a foster mother ICR mouse was subjected to a pseudopregnant treatment, about ten of the 
injected embryos were transplanted to each side of the uterus of the foster mother. 
The results are shown in Table 11. 
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Table 11. 



Production of chimeric mice from the TT2 cell clone retaining human c 


hromosome #22 


ES cell clone/ 

human 

chromosome 


Puromycin 
resistant 
clone No. 


Number of 
ES cell- 
injected 8-cell 
stage 
embryos 


Number of 
offspring mice 


Number 
chimeric mice 


Contribution to coat color 


<20% 


20-50% 


50-80% 


TT2/#22 


PG22-1 


266 


36 


8 


4 


1 


3 



r0198] As a result of the transplantation of a total of 266 injected embryos, 36 offspring mice were bom. Ch.mensm 
in the offsprings can be determined by the extent of TT2 cell-derived agouti coat color (dark brown) in the host embryo- 
derived albino coat color. Out of the 36 produced offsprings. 8 mice were recognized to have a partial agouti coat color, 
indicating the contribution of the ES cells. u-jo 
[0199] These results show that the ES cell clone (derived from TT2, PG22-1) retaining human chromosome #22 
maintain the ability to produce chimera, that is, the ability to differentiate into normal tissues of mouse. 



Example 32 

Detection and quantitation of human antibody X chain in sera of the chimeric mice retaining human chromosome #22 

r02001 The concentration of human antibody X in the sera of the chimeric mice KPG22-1 , 2 and 3 from Example 31 
was determined by ELISA in accordance with the same procedure as in Example 14. The chimeric mice of 2 months 
after birth were bled and human antibody X chain in the sera was detected by EUSA. Ninety six-well microtiter plates 
Tere coated with anti-human immunoglobulin X chain antibody (VECTOR LABORATORIES INC., IA-3070) d.luted with 
PBS and then a serum sample was added. Subsequently, biotin-labeled anti-human immunoglobuhn X chain antibody 
(VECTOR LABORATORIES INC., BA-3070) was added to the plates and incubated. A complex of biotinylated horse- 
radish peroxidase and avidin DH (VECTOR LABORATORIES. INC.. Vectastain ABC Kit) was added and incubated 
After TMBZ (Sumitomo Bakellte, ML-1120T) was added, enzyme activity was determined by absorbance measurement 
at 450 nm Purified human IgM antibody having X chain (Dainippon Pharmaceutical Co.. Ltd.. U1 3200) was used as 
standard The standard was diluted stepwise with mouse serum-supplemented PBS. The results are shown In Table 
12. These results show that human antibody X chain gene can function in the chimeric mice retain.ng human chromo- 
some #22. 



Table 12. 


Concentration of Human Antibody X Chain in Chimeric Mice (ELISA) 


Chimeric Mouse 


%Chimerism 


lg X (mg/l) 


KPG22-1 


50 


12 


KPG22-2 


50 


18 


KPG22-3 


20 


24 



Example 33 

Detection of anti-human HSA human antibody X chain in a serum of the human chromosome #22 transferred chimeric 
mouse 

[02011 The chimeric mouse KPG22-3 from Example 31 was immunized with HSA, 3 times at days 79, 94 and 110 
after birth by the same method as in Example 20. Human antibody X chain in the serum of the chimenc mouse was 
detected by ELISA in accordance with the same procedure as in Example 14. Ninety six-well microtiter plates were 
coated with HSA (Sigma, A 3782) diluted with SO mM carbonate-bicarbonate buffer (pH 9.6) to a concentration of 5 
ua/m. an* la serum sample was added. Biotinylated anti-human lg X antibody (VECTOR ^ORATORIES ,mc BA- 
3070) was added Subsequently, a complex of biotinylated-horseradish peroxidase and avidin DH (VECTOH LABO- 
RATORIES. INC.. Vectastain ABC Kit) was added to the plates and incubated. After TMBZ (Sumitomo Bakelite, ML- 
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.HHori enzvme activity was determined by absorbance measurement at 450 nm. The titer of the anti-HSA 
shown in Fig. 20. In i-ig. me numuci wi , „ n th o vertiral axis These resu ts show that human 

:,;rrr ^rs^^r^z^^— - - - - — * 

me"l at™.n U« h»n» « X »» Inched b, «.h the HSA 

Example 34 

Preparation of human antibody light chain-producing hybridomas trom the human chromosome #22 transferred 
chimeric mouse 

Example 35 

Preparation of mouse ES ce.i Cones retaining both a human chromosome #22 partial fragment and a human 
chromosome #14 partial fragment 

cMonLum Ifc P««W *»»»«« and 8 huma " * ro ™ 8 "" e "**" " a9 ™" 1 ' 

f Example 36 

Production of the chimeric mouse from the mouse ES ce.i Cone retaining both a human chromosome #22 partial 
fragment and a human chromosome #14 partial fragment 

, roaOS, Thece,inafro:enstoc k oftheG = 

35 which was confirmed to retain a human chromosome #22 part al fragment ana MCH(ICH) 
-gmentwere — 

ma ' e "SSS ES eel ~Ze ^Xo^m to deve.op to blastocysts. Two and a half day after a foster mother 

■ IS^l?-^^-^ — 3b0Ut embry ° S W6re P 

each side of the uterus of the foster mother. The results are shown m Table 13. 
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Table 13. 



Production of the chimeric mouse from the mouse ES cell clone retaining both a hu 
fragment and a human chromosome #14 partial fragme 


man chromosome #22 partial 
nt 


ES ceil clone/ 

human 
chromosome 


Double-drug 
resistant 
clone No. 


Number of 
ES cell- 
injected8-cell 
stage 
embryos 


Number of 
offspring mice 


Number of 
chimeric mice 


Contribution to coat color 


<20% 


20-50% 


50-80% 


TT2/#22+#14 


PG22-5 


302 


16 


5 


3 


2 


0 



[0206] As a result of the transplantation of a total of 302 injected embryos, 16 offspring , rn.ce were ^Xhuj«itm 
n the offsprings can be determined by the extent of TT2 cell-derived agouti coat color (dark brown) ,n the host emtoyo-. 

cell clone PG22-5 retaining a human chromosome ,22 pajja, f = ano- 
int chromosome #14 partial fragment maintains the ability to produce chimera, that ,s. the ab.lrty to d.fferent.ate 
into normal tissues of mouse. 



Example 37 

Detection of human antibody X chain and u chain in sera of the chimerfc mice derived from the ES cells retaining both 
a human chromosome #22 partial fragment and a human chromosome #1 4 partial fragment 

ro2081 The chimeric mice KPG22-9. 10 and 12 from Example 36 were immunized with HSA^The chimeric mice 
KP G i-9 and 1 o were immunized 11 weeks after birth and bled 2 weeks after the immunization. The chimeric mouse 
KpS-12 was immunized twice at 7 and 11 weeks after birth and bled 2 weeks afterthe second immunize 
S A serum human antibody a chain, a serum human antibody Xchain. and a serum antibody having both human 
antibody X and u. chains were detected by ELISA in accordance with Example 14. 

r02l0l For the detection of complete human antibody molecules, 96-well microtiter plates were coated with anU- 
Ean immunoglobulin Xchain antibody (Kirkegaard & Perry Laboratories Inc., 01 -1 0-11) diluted with PBS and a serum 
sample Ts added. Subsequently, peroxidase-labeled anti-human immunoglobulin u cham an 'body (The Binding Srte 
LWtfd MP008) was added to the p.ates and incubated. After TMBZ (Sumitomo Bakelite ML-1120 T) 
a Oxidase suLstrate. enzyme actrvity was determined by absorbance measurement at 450 nm. Punfi* human IgM 
antiboSvhavingXchain (Dainippon PharmaceuticalCo..Ltd.,U13200) was used as standard. Thestandardwasdiluted 
"epwise w" mouse seL-su^.emented PBS. Human antibody u and X chains were detected and determmed quan- 
titatively by ELISA in the same manner as in Examples 29 and 32. The results are shown in Table 14. 

Table 14. 



0 



■s 



Concentrations of Human Antibodies in Chimeric 


Mice (ELIS* 




ES clone 


Chimeric mouse 


Chimerism (%) 


IgM (mg/l) 


lgX(mo/l) 


lgM,Mmg/i) 


PG22-5 
PG22-5 
PG22-5 
3-2 

PG22-1 


KPG22-9 
KPG22-10 
KPG22-12 
K9 

KPG22-2 


30 
5 

40 
50 
50 


2.54 
4.96 
3.71 
6.66 


9.9 
21.5 
7.0 

17.6 


0.043 
0.333 
0.048 
<0.003 
<0.003 



ro211] Both X and u chains were detected in the chimeric mice. An antibody molecule having bo h human , antibody 
uandXchX was detected. These results show: the human antibody X chain gene and human a^^^^^ 
San fun^n at the same time in the chimeric mice derived from the ES cells retaining human chromosome #22 partial 
^grnems and human chromosome #14 partial fragments; and a complete antibody containing both human heavy and 

liqht chains was produced in part of the B cells. ^ p Yamn ie 1 0 

[0212] The control mice, that is, the chimeric mouse K9 retaining only human chromosome #14 from Example 10 
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and the chimeric mouse KG22-2 retaining only human chromosome #22 from Example 31 , gave background levels of 
an antibody having both human antibody X and \i chains in the sera. It was confirmed that in these detection systems, 
only a complete antibody molecule having human X and p. chains was detected. 

Example 38 

Detection of human antibody having human k and \i chains in sera of the chimeric mice derived from the ES cells 
retaining both human chromosome #2 partial fragments and human chromosome #14 partial fragments 

[0213] The chimeric mouse KPG-15 (derived from the TT2ES clone PG5, 10% chimerism) was immunized during 
2-3 months after birth 3 times with 0.2 ml of a solution of human serum albumin (HSA, Sigma, A3782) and adjuvant 
(MPL+TDM Emulsion, RIBI Immunochem Research Inc.) in PBS at a HSA concentration of 0.25 mg/ml and bled (see 
Example 1 5). The chimeric mouse KPG-26 (derived from the TT2ES clone PG6, 40% chimerism) of 6 weeks after birth 
was bled. The concentration of a complete human antibody molecule in the sera was determined by ELISA in accord- 
ance with Example 1 4. Ninety six-well microtiter plates were coated with anti-human immunoglobulin k chain antibody 
(Kirkegaard & Perry Laboratories Inc., 01-10-10) diluted with PBS, and a serum sample was added. Subsequently, 
peroxidase-labeled anti-human immunoglobulin u chain antibody (The Binding Site Limited, MP008) was added to the 
plates and incubated. After TMBZ (Sumitomo Bakelite, ML-1120T) was added as a peroxidase substrate, enzyme 
activity was determined by absorbance measurement at 450 nm. Purified human IgM antibody having Kchain (CAPPEL, 
6001-1590) was used as standard. The standard was diluted stepwise with mouse serum-supplemented PBS. The 
concentrations of k chain and u, chain were determined by the same method as in Example 20. The results are shown 
in Table 15. 

Table 15. 



50 
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Concentrations of Human Antibodies in Chimeric Mice (ELISA) 


ES clone 


Chimeric mouse 


Chimerism (%) 


IgM (mg/l) 


Ig k (mg/l) 


IgM, k (mg/l) 


PG-5 


KPG15 


10 


0.18 


1.01 


0.075 


PG-6 


KPG26 


40 


1.52 


1.26 


0.018 


3-2 


K9 


50 


6.66 




<0.002 


5-1 


K2-9 


40 




135 


<0.002 



[0214] A antibody molecule having both human antibody u. and k chains was detected. The control mice, that is, the 
chimeric mouse K9 retaining only human chromosome #14 from Example 10 and the chimeric mouse K2-9 retaining 
only human chromosome #2 from Example 13, gave background levels ( <0.002 mg/ml) of an antibody having human 
antibody k and |i chains in the sera. These results show: the human antibody k chain gene and human antibody \i 
chain gene can function at the same time in the chimeric mice derived from the ES cells retaining both human chro- 
mosome #2 partial fragments and human chromosome #14 partial fragments; and a complete antibody molecule con- 
taining both human heavy and light chains was produced in part of the B cells. 

Example 39 

Preparation of mouse ES celt clone (TT2F, XO) retaining a human chromosome #2 partial fragment 

[0215] The cell clone PG1 from Example 1 6 was used as a chromosome donor cell for the preparation of a mouse 
ES cell (XO) retaining a human chromosome #2 partial fragment. A TT2F cell (purchased from Lifetec Oriental Co.) 
having a karyotype of (39, XO), which was reported to differentiate efficiently into an oocyte in chimeric mice (Shinichi 
Aizawa, "Biomanual Series 8, Gene Targeting 0 published by Yodosha, 1 995), was used as a chromosome recipient 
cell. The experiment of microcell fusion and the selection of puromycin resistant cells were carried out by the same 
methods as in the selection of the G41 8 resistant clones in Example 9 except that the concentration of puromycin was 
0.75 u, g/ml. The frequency of the appearance of the puromycin resistant clones was 5 per 10 7 of TT2F cells. The 
puromycin resistant clones were stored frozen and genomic DN As were prepared from the clones by the same methods 
as in Example 2. The retention of human chromosome #2 partial fragments in the drug resistant clones P-20 and P- 
21 was confirmed by PCR analysis. As a result of PCR amplification using genomic DNAs of the drug resistant clones 
as templates and three kinds of primers C k , FABP1 and V k 1 - 2 whose presence in the A9/#2 W23 clone was 
confirmed in Example 1 , all of the three primers gave expected amplification products in both of the two clones. 
[0216] These experiments demonstrate that the obtained puromycin resistant ES cell clone (TT2F, XO) retained a 
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human chromosome #2 partial fragment. 
Example 40 

Production of the chimeric mice from the mouse ES cell clone (TT2F, XO) retaining a human chromosome #2 partial 
fragment 

[0217] The cells in a frozen stock of the puromycin resistant TT2F cell clone P-21 from Example 39 which was 
confirmed to retain a human chromosome #2 partial fragment were thawed, started to culture and injected into 8-cell 
stage embryos obtained by mating ICR or MCH(ICR) male and female mice (CREA JAPAN, INC.); the injection rate 
was 1 0-12 cells per embryo. The embryos were cultured in a medium for ES cells (see Example 9) overnight to develop 
to blastocysts. Two and a half day after a foster mother ICR mouse was subjected to a pseudopregnant treatment, 
about ten of the injected embryos were transplanted to each side of the uterus of the foster mother. The results are 
shown in Table 16. 

Table 16. 



Production of the chimeric mice from the TT2F cell clone retaining a human chromosome #2 partial fragment 


ES cell clone/ 

human 

chromosome 


Puromycin 
resistant 
clone No. 


Number of 
ES cell- 
injected 
8-cell 
stage 
embryos 


Number of 

offspring 

mice 


Number of 

chimeric 

mice 


Contribution to coat color 


<20% 


20-50% 


50-90% 


100% 


TT2F/#2fg. 


P-21 


141 


20 


9 


0 


2 


3 


4 



50 



55 



[0218] As a result of the transplantation of a total of 141 injected embryos, 20 offspring mice were bom. Chimerism 
in the offsprings can be determined by the extent of TT2F cell-derived agouti coat color (dark brown) in the host embryo- 
derived albino coat color. Out of the 20 produced offsprings, 9 mice were recognized to have a partial agouti coat color, 
indicating the contribution of the ES cell. Four of the 9 mice were chimeric mice having a full agouti coat color from the 

ES cells. . t • 

[0219] These results show that the ES cell clone P-21 retaining a human chromosome #2 partial fragment maintains 
the ability to produce chimera, that is, the ability to differentiate into normal tissues of mouse. 

Example 41 

Detection and quantitative determination of human antibody k chain in sera of the chimeric mice derived from the TT2F 
clone retaining a human chromosome #2 partial fragment 

[0220] The chimeric mice K2-1 F, 2F, 3F and 4F (derived from the P-21 clone, 100% chimerism) from Example 40 of 
about 1 month after birth were bled and the concentration of human antibody k chain in the sera was determined 
quantitatively by EL ISA in the same manner as in Example 20. 

[0221] The results are shown in Table 17. It was confirmed that the human antibody k chain gene could function in 
the chimeric mice when the TT2F was used as an ES cell. 

Table 17 



Concentration of Human Antibody k Chain in Chimeric Mice (EL ISA) 


Chimeric mouse 


%Chimerism 


Ig k (mg/l) 


. K2-1F 


100 


66 


K2-2F 


100 


156 


K2-3F 


100 


99 


K2-4F 


100 


20 



56 



EP 1 106 061 A1 



10 



15 



20 



25 



30 



35 



Example 42 

Conf— nofthe — 

?SS Retaining a human chromosome #2 partial fragment 

[0222] Examination was made as to whether ES ce,derived P«^^^2^ S^'-St 
hSLmice^ 

such a mating, offspring mice of an agout coat color should be reproa co(or fae reproduced 

cell (agouti coat color, dominant) in the — and ojfspnng rn ceof an ^ A „ 

trom oocytes derived from ICR J (the ^oocyte are_ £SE* one mating of the respective combinations 
the viable offspring mice (K2 - 1 F, 10 m.ce ™™-*^%%L of human chromosome fragments in genomtc 

had an agouti coat color which denved from the ES ce ^™» J^'° hod- As a result 0 f the PCR amplifteafon 

DNAspreparedfromthetailsof^^^ 

using three kinds of primers whose presence m ^Wcfa* \Vl™dlto2oul o the five mice from K2-4F. The results 
three' markers was confirmed in 4 out of »^ ten m ce from K2- 1 F and ,n 2 otf u Njppongene) 

of the PCR of these 15 offspring m.ce are shown , , F £21. In Rg. 21 J» q{ pro(J f 

and the DNA molecular weights of mam bB ^ ^•^^ Zwi side. At the right side, the results with tail- 
amplification with the respective pnmers are shown by arrows <^ e wn These results show that the 

fragment was transmitted to offsprings through oocyte. 
Example 43 

Confirmation of^^ 

retaining a human chromosome #2 partial fragment 

l02231 Examinationwasmadeastowhethe^Sc,.— 
70%chimeric male mouse from Example ^Jf"^ 

emale littermates. Since TT2 cell has the •^^'^aU!^ ootor should be reproduced from ICR (albino, 
chimeric mouse KM.. If this ^^^^^SS!^ color, dominant) in the chimeric mice. While a 
recessivej-derived oocytes MiM "^^tT^^mimi an agouti coat color which derrved from the ES 
total of 110 viable offspring mice were ^'^^.^J^eDNA, prepared from the tails of 7 out of the ten 
cell.. The retention of human <^^«W^™?^^ As a result of PCR amplification using two 
offspring mice of an agouti coat color was ^am.ned by a pgr «n*ho was confirmed and primer 

kinds of primers Ck and FABP1 whose presence ,n the 5- c on t™« 8 confjrmed in 2 out of the seven 

VK1-2 wEich was shown **^£^^^££Z«. « P«« 'ragment differentiated 

offsprings through the sperms. 
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Example 44 

Detection and quantitative determination of human antibody k chain in sera of offspring mice of the ^ 
[022 4] The concentration of human antibody k chain in th -^ 

rom Example 42 was determined quantitatively by EU ^^™* ,™ e same manner as in Example 20. 

rcentratL of human ^-^^^1^^^ « on the retention of chromo- 

chimeric mice. 
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Table 18. (continued) 



Concentration of Human Antibody k Chain in Offspring Mice (ELISA) 



Jj^T^ I Number of mouse I Presence ot human chromo some #2 fragments 

... J. 



K2-1F 

K2-1F 

K2-1F 

K2-1F 

K2-1F 

K2-1F 

K2-1F 

K2-1F 

K2-1F 

K2-4F 

K2-4F 

K2-4F 

K2-4F 

K2-4F 



#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 
#10 
#1 
#2 
#3 
#4 
#5 



+ 
+ 



l g k (mg/l) 
84.1 



12.8 

15.1 
0.52 
0.58 

I. 30 
0.90 
0.56 

28.8 
<0.04 
23.3 

II. 8 
0.08 
0.06 



Example 45 

Anarysis of spieen cel.s from the human chromosome #14 partia. fragment transferred chimeric mice 

[02261 F*wcytomet,ana*siswasa^ 

2, macular immunology l-lmmunocells '^^^^S^SSi Experiment Protocol", edited by 
by Tokyo Kagaku Dojin; Xell Technology Separ^^^ 

theUnlersrty of Tokyo. Medical Science ^'^^^^^ Wiley & Sons Ltd.. 1996. The 
and J.B.Griffiths, -Cel. & Tissue Cutture: ^^^JSSI^^Kb^. 30% chimerism) from Example 
spleen was removed from the ch.menc mouse KPG06 (de r vec from the ^ . were staine(J 

? of six months after birth and treated wUh an ^"^^.^Sl^innlni. 011**) in PBS con- 
with fluorescein isothiocyanate (F.TCV ^^^^^^jL^«f»^ -tibody 
taininq 1 % rat serum. After being washed, the cells were reacteo wmn ' £U . 081 52 D) in PBS contain- 

(P— g^^ 

ing 5% mouse serum and sta.ned with 0.1 ug of straptMVKW , pny iy * retajn , no numan 

ysis with a flowcytometer (Becton Di*o n ™^^ 22 |n Fig . 22 , the 

chromosome was used as a controi or ^^^^^^^ST^ vertica. axis. A population of cells 

San antibody u. chain on the cel. surfaces were present in the ch.menc m«e. 
Example 46 

C,ningandse q uencingo,variab,ereg^ 

mice expressing human antibody heavy chain, k and X chains, respectively 

I0227 ] in the same manner as in Example 5. cDNAs were .synthesized , from RNAs Jg^^SS^^ 
Eric mice K15A (derived from the 1-4 clone P"P- antibod'y heavy 

Example 1 3 and KPG22-2 prepared m Example 31 , all of wh.c J ™ J ^T^, usj P the respect ive cDNAs and 

chain k and X chains in Examples 29, 23 and ^^^^^SS^ cDNA derived from the spleen of 
the following primers to amplify the vanabler^ 

the like. 
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• K15A (heavy chain) 
[0228] For constant region: 

HIGMEX1-2 : 5 1 - CCAAGCTTCAGG AGAAAGTGATGG AGTC (SEQ ID 
NO: 53) 

HIGMEXl-1 : 5 * - CCAAGCTTAGGCAGCCAACGGCC ACGCT (used in 
2nd PCR of VH 3 BACK) (SEQ ID NO:54) 

For variable region: 

VH1/5BACK (59°C, 35 cycles, Marks et al M Eur. J. Immnol., 21, 985-, 1991), 
VH4BACK (59°C, 35 cycles, Marks et al., supra), and 

VH3BACK (1st PCR:59 °C , 35 cycles; 2nd PCR:59°C, 35 cycles, Marks et al., supra) 
. K2 - 8 (light chain k) 
[0229] For constant region: 

KC2H : 5" - CCAAGC TTCAGAGG C AGTTCCAGATTTC (SEQ ID NO: 55) 



For variable region: 

Vk1/4BACK (55°C, 40 cycles, Marks et al., Eur. J. Immnol., 21, 985-, 1991), 
30 Vk2BACK(55°C, 40 cycles, Marks etaL, supra), and 
Vk3BACK (55°C, 40 cycles, Marks et al., supra) 

. KPG22-2 (light chain X) 

35 [0230] For constant region: 

C X MIX (a mixture of the following three kinds of primers at an equal molar ratio) 

IGL1-CR : 5 1 - GGGAATTCGGGT AG AAGTCACTGATC AG (SEQ ID 
NO:56) 



40 



45 



IGL2-CR : 5 1 - GGGAATTCGGGTAGAAGTC ACTTATG AG (SEQ ID 
NO: 57) 



50 IGL7-CR : 5 1 - GGG AATTCGGGT AG AAGTCACTT ACG AG (SEQ ID 

NO:58) 

55 For variable region: 

VX 1LEA1 (55°C, 40 cycles, Williams et al., Eur. J. Immunol., 23, 1456-, 1993), 

V X 2MIX (55«C 40 cycles, a mixture of V X 2 LEA1 and V X 2 JLEAD (Williams et al. (supra)) at an equal molar ratio) 

V X 3MIX (55°C, 40 cycles, a mixture of V X 3LEA1 , V X 3JLEAD and V X 3BACK4, which were reported in W.ll.ams 
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10 



15 



the second run of PCR us.ng VH3BM.K. ine amp £ amplification products were electrophoresed 

a combination of the two pnmers H1GMEX1-1 VH3BACK ™ e p amp , mc ation products having 

on a 1 .5% agarose ge. ^^^S^^^ ^ 400 bp; and 9* chain X . about 510 bp) were 
expected lengths (heavy chain, about 470 bp hght cha n k Jout 400 op 9 ^ ^ ^ same 

deLtedinallofthecombinations^n^enegatrveco^ usjng 

position in any of the combinations. The obtained ^ K ^^n^Z^c^ Hindlll and Pstl; light chain 

with a Fluorescence Autosequencer (Applied Biosystems Inc.). 



20 



H1GMEX1 - 2 x VH1/5BACK: 10 clones 
HIGMEX1 - 2 x VH4BACK: 8 clones 

HIGMEX1 - 2 (2nd PCR. HIGMEX1 - 1) x VH3BACK: 5 clones 
. KC2H xvk 1/4BACK: 6 clones 
. KC2H xvk 2 BACK: 7 clones 
. KC2H xvk 3 BACK: 4 clones 
. C X MIX x V X 1LEA1 : 5 clones 
25 • C A, MIX XVX2MIX: 6 clones 
. C X MIX x V X 3MIX: 5 clones 



30 



PH The „«,e*e se qu e„c„ » r^^^i^SKS^E 



and 12 X chains. 
35 Example 47 



Anarysis of the nuclide sequences of variable region o, human ^^^1^ ^ *" "™ 
!J£S mouse expressing human antibody heavy chain, k and X chams. respect^y 

40 [02331 The nuclide sequences determined in Example 46 (heavy chain, 17 Cones; . chain, 11 clones; and X 
chain, 12 clones) were analyzed in the following points. 

1 Identification of known germ line V gene segments used in the respective variable regions 

regions 

[02 34] The resuns are shown in Table 19. For the 

and V X segments are shown in Table 1 9 toge her wrth the f am* names of the respect g ^ ^ 

with the conventions described in Cook et al.. Nature genetics. 7 182-. 1994^H ^ jdentification 
rmmunol. 23. 3248, 1993 (Vk fragments) and Williams ^^^^ So' X, 7. 13. 4141, 1988 
.„ point 3. search for homo.ogy with germ line D SJ-^^^^^tew^taT*!. 19. 
was conducted with DNASIS. Assignment was based '^^^^^ Gene tics. 7. 13, 1994. For the 
DN1- is believed to be the new DN fam.ly segment reported I m Greer e : ah. Neh* ^ 
identrtication in point 4. the nucleotide sequences which did not appear in any germnne 
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to be N regions on the basis of the results for 1(V), 2(J) and 3 (D). As a result, N region was observed in 11 of the 13 
sequences in which D segment was identified and its average length was 87 bp. For the determination in point 5, the 
respective sequences were converted by DNASIS to amino acid sequences which were expressed with one letter 
symbols. In Table 1 9, only CDR3 region is shown. At the right side of Table 1 9, the names of the primers used in cloning 
of the respective variable regions and the names of clones are shown. 

Table 19 
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V family 



K15A 



VH1 



VH2 
VH3 



VH4 



K2-8 



Vk1 

Vk2 
Vk3 

Vk6 



KPG22-2 



V X 1 



VX2 



VX3 



V segment 



VH1-8 

VH1-18 

VH1-24 

VH1-46 

VH1-46 

VH2-5 

VH3-21 

VH3-23 

VH3-23 

VH3-23 

VH3-23 

VH3-33 

"VH3-33 

VE3-33 

VH4-34 

VH4-59 

VH4-59 



018-8 

018-8 

018-8 

L1 

A17 

A17 

A27 

A27 

A27 

A27 

A26-1 0 



DPL3 

DPL5 

DPL5 

DPLS 

DPL8 

DPL10 

DPL11 

DPL11 

DPL11 

DPL12 

DAL12 

DPL16 



CDR3 



VRSSSWYEYYYYGMDV 
GG ITM V RGLI ITDWY FDL 
APYSGRFDY 

ERYYGSGSYQDYYYYYGMDV 

GGYSGYEDYYYYGMDV 

SYFDWPDFDY 

EGCSGGSCLPGYYYYGMDV 

AHGDPYFDY 

DADAFDI 

SGWDY 

TGFDL 

EGGYGSVGDYYYYGMDV 

GGYSYGYDYYYYGMDV 

GYSSGWYDY 

RYSSGWYYFDY 

GRIAVASFDY 

GSGSYFHFDY 



J(D) 



J6(DN1) 
J2 (DXP'1) 
J4(DK1) 
J6 (DXP1) 
J6 (DK1) 
J4 (DXP1) 
J6 (DLR2) 
J4 
J3 

J4 (DN1 n ) 
J2 

J6 (DXP'1) 
J6 (DXP*1) 
J4 (DN1 M ) 
J4 (DN1") 
J4 (DN1 ") 
J4 



QQHDNLPFT 

QQYDNLPIT 

QQHDNLPFA 

QQYNSYPLT 

MQGTHLLT 

MQGTHWIT 

QQYGSSPTWT 

QQYGSSPFT 

QQYGSSPLWT 

QQYGSSPPWT- 

HQSSSLPQT 



J3 
J5 
J3 
J4 
J4 
J5 
J1 
J3 
J1 

J1 



V primer 



Clone 



VH4BACK 

VH1/5BACK 

VH1/5BACK 

VH1/5BACK 

VH1/53ACK 

VH4BACK 

VH 1/5 BACK 

VH 1/5 BACK 

VH1/5BACK 

VH3BACK 

VH4BACK 

VH1/5BACK 

VH3BACK 

VH4BACK 

VH4BACK 

VH4BACK 

VH4BACK 



H4-10 

H1-7 

H1-6 

H1-2 

H1-10 

H4-14 

H1-4 

H1-3 

H1-8 

H3-3 

H4-4 

H1-9 

H3-5 

H4-9 

H4-15 

H4-2 

H4-6 



V K 1 BACK 

V k 1 BACK 

V K 2BACK 
VkIBACK 

V K 2BACK 

V k 2BACK 

V K 3BACK 

V k 3 BACK 

V k 3BACK 

V k 3BACK 

V K I BACK 



AAWDDSLDW 

GTWDSSLSAGV 

GTWDSSLSAGW 

GTWDSSLSAVV 

QSYDSSLSGVV 

CSYAGSSTLV 

SSYTSSSTVV 

SSYTSSSTLV 

CSYTSSSTFV 

SSYAGSNNLV 

SSYAGSNNFW 

NSRDSSGNLV 



JC3 
JC2 
JC3 
JC2 
JC3 
JC2 
JC2 
JC2 
JC2 
JC3 
JC3 
JC2 



VX1LEA1 
VX1LEA1 
VX1LEA1 
VX1LEA1 
VX1LEA1 

V X 2MIX 
VX2MIX 

V X 2MIX 

V X 2MIX 
VX2MIX 
VX2MIX 
VX3MIX 



K1-1 

K1-3 

K2-2 

K1-6 

K2-1 

K2-5 

K3-1 

K3-4 

K3-5 

K3-6 

K2-4 



L1-3 
L1-4 
L1-6 
L1-9 
L1-8 
L2-4 
L2-1 
L2-3 
L2-7 
L2-5 
L2-6 
L3-1 
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Example 48 

Pwr a,io„o,..«oe,N,ve^^ 

Example 9) and human cliromosome «2 (Ea.mple 18) or «22 ' . . o^p,,,). Those chimeric 

S TO (o! TT2F) ceils i. which mouse ( ^» .le-O, mouse ,n»ody genes 

KP- ** B: BemHI. Bg2:Bg1ll, * E»Ri, RV: Eo.RV, N:NC *: Saii, Sea: Soai. S.I: m. «t 

^mal X- Xhol, (X): Xhol restriction site from X vector 

e«ion o, Kpn. ms«ion site. d X : deMior, of Xhol — n s. ste 

Dotted portion: pBluescript SKII( + ) or pUC18 plasmid DNA 
: LoxP sequence 

, P repara«ono,plasmidp^^ 

„ Forthede,tionOfa G 418reS«^ 

to insert LoxP sequence (Saueret al., ^ - ^^l l ^g'^ s ^^g^4i8 resistance gene (Examp.e 1) in the same 
of Cre recombinase (Sauer et al.. supra) at b £ h J^ ^ pSTneoB plasmid DNA (Example 1 . Katoh at 

direction. Briefly, a G418 resistance cassette <^^^^ Biologicals (JCRB). Deposit Number: VE039) 

al., Cell Struct. Fund.. 12:575. 1987; Japanese Collection of T^ti eleclopho esis and then blunted with 
wKh restriction enzyme Xhol. The DNA ' ra f DNA pBS246 (Plasmid 

b»"nrr T r^^^^ 

modified P BS246 to give plasmid pLoxP-STneo (Fig. 23). 

2 isolation of genomte DNA Cones containing C57BL,6-derived antibooV heavy-chain Cu (IgM constant region) or 
light-chain Jk - Ck (IgK joint region and constant region) 

m S^TO^ee,^™ 

T^Z JZZ Z lollop s,™«c DNA sequences ,60 men,) were used. 
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«#« Probe: S-ACC TTC ATC GTC CTC TTC CTC 
CTG AGC CTC TTC TAC AGC ACC ACC GTC ACC CTG TTC AAG- 



3 » (SEQ ID NO : 59) 



50 



i3ht .ch,i» « Probe: S'-TGA TGC TGC ACC AAC TGT ATC CAT 
T C CC ACC ATC CAG TGA GCA GTT AAC ATC TGG AGG - 3 ' (SEQ 



L 

CT 

55 ID NO: .fiO) 



,0238] The X clones were isolated and ana^zed to subclone those DNA fragments containing heavy-chain C u c 
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TT2F) cells as described below.. 

3 Preparation of a vector plasmld for disrupting a mouse antibody heavy-chain gene 

T^NMra^^^ gnomic DNAs by PGR under the .Cowing cond.ons. 

Sense primer: 5--CTG GGG TGA GCC GGA TGT TTT G - 3 ' { SEC 
ID NO: 61) 

A „tisense primer: 5 • - CCA ACC CAG CTC AGC CCA GTT C- 

3 • (SEQ ID NO : 62 ) 

Tpmnlate DN A* 1 U9 of EcoRI-digested 1 29 mouse genomic DNAs T , ..^ 

SCLfe- Tn.n.Iooinen, blotting wis pe-totmed using «e .bove p.obe. 
4 Preparation oi s vector tot disrupting M moose antibody lighKhain it gene 

STneo":^ P^c o that oHlle antibody gene. This plasmld DMA was constructed ; js follows^ 
fhe seqlnce o, a multi-cloning site (EcoRI-Hind.ll) in plasmld P UC1 8 was changed to the follow.ng sequences pre 
50 pared by DNA chemical synthesis. 

5 . -AATTCCCGCGGGTCGACGGATCCCTCGAGGGTACCA -3' <S 
„ EQ ID NO: 63) 
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5 ' (S 

^ t „„^«rrrAGCTGCCTA6ei=AO^v.v.v„ 

EQ ID NO:64) 



GGGCGCCCAGCTGCCT AGGGAGCTCCCATGGTTCGA 
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,02421 The EcoRI-Sacll DNA fragment containing J k l^""^^ inl0 the BamHI and Xhol sites of 
l Sd Then a 3'-end Bglll-Bglll-Bglll-Xhol DNA fragment (F.g.25) w * .nserte contajning LoxP . STneo 

n * ,^ A Xho.-Sal. DNA fragment ^S^ii^-i-^^^^ 

having he disrupted Kpnl fragment were ^^^^ gene. This piasmid DNA was amplified using I * 

Example 49 

TOO**, rt . mouse ES =e.. a«lbody MwcMIn jene-dtop^ *«. 

ducted After one day, the medium was replaced a h , was gr0W n up to confluence 

perf ormed to detect homologous recombmants *™ P The results of Southern blot analyse of wild-type TT2F ce is 
Sut The 176 clones were homologous recomb.nantsjhe result 2B |n ^.^.frap cells, 

and homologous recombinants .181 and #14 «^ n ££o£^ xhol diges tion. In the homo.ogous recom- 
Zo bands (a and b) are detected which were obtained by the tco ^ ^ )ower part o( tne 

SLSSi expected that one of these ban * ; disappea J £ anew ba^ ( ) ^ ^ ^ ^ 
,ane. Actually, band (a) has , ^ I show' that one allele of an antibody heavy-chain gene ,n 

Example 50 

Production of chimeric mice from antibody heavy.hain homo.ogous recombinant ES ce,, 
[0244] Thecensinafrozensto^ 

Kle 48 were thawed, started to Is 10-12 cells per embryo^ After the 

female mouse of ICR or MCH(.CR) (CREA JAPAN I WCJ he in, d b , astocysts> abou ten o, 

embryos were cultured overnight ^.^^SiJJs of afoster mother ICR mouse (CREA 
the TT2F cell-injected embryos ^^^^^^g^^^^ ^ a result of transplantation of a total of 94 injected embryos, 
JAPAN, INC.; 2.5 days after pseudopregnant treatment « 
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were recognized to have partial agout. coat color " d ^ t £"^° n r J„ n e. ES cell-derived). From 

disrupted antibody heavy-chain allele was transmitted to them at a rate of 50 A. 
Example 51 

Production of a double knockout clone from the antibody heavy-chain homologous recombinant 

cells were inoculated into ten 1 00 mm plain at a ^^.^^^^ tor eaC h concentration). Twelve 
containing G41 B at each of the concentrates *^^}*'!^™*^^ up from plates of 7 mg/ 

biotting was performed to detect wKh the r^J^^^S^^ both alle.es-distrupted clone. The 
been disrupted. As a result, one clone denved from #131 (#131-3) was .found o d wj|d . 

results of Southern blot analysis of 6 clones ^ 8 J e ie homologous recombinants (#131, 

type bands (a, b) are detected after the EcoRI end Xho, ^^'^ 

In^e! tnt band pattern is observed in Cone No. 3 (#131 -3). This demonstrates that both alle.es of an antibody 

heavy-chain gene have been disrupted in this done. 

Example 52 

Removal of a G418 resistance marker gene from the antibody heavy-chain-deficient homozygote TT2F clone 

0BS185 (BRL), containing Cre recomb.nase gene ^«»aU. ^^^#131-3 clone according to the 
sequences inserted at both the ends of the G41 8 resistance ^^^SSmi by Yodosha, 1 995 and Seiji 
rnethods descry 

Takatsu et al., "Experimental Medicine <exua numoer j. D » SUSDe nded in HBS to give a concen- 

published by Yodosha, 1995). Briefly #131-3 cells were ^treatec wrth JJ^JJaTfSn. e.ectroporation was per- 
oration of 2.5x10^ C e„s/ml. To the cell suspension 30 ug ^^^^^l v0 „ age of 250 V was applied at 
formed with a gene pulser (Bio-Rad Laboratones, ^^^^.^^^ electroporated cells were 
I^Stf - - ^Z^Z^^^^^ (Corning) of 50 mm in which 
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1 00 mm plates (preliminarily seeded w*h feeder ^^^^^ except tha , the setting of the gene pulser 
tively. A similar experiment was also conducted under the same P g6 colonies forme d were 

was'changed (resistor unit connected; one was inocu.ated into a 48-wel. 

picked up and treated with tryps.n. Then he co ""^^ jntQ 9 a 4B . well plate coated with gelat.n alone, 
plate preliminarily seeded with feeder cells and »e often". £~ u ™ c s , P a) {or tnree days . Then. G41 8 
The tetter was cultured in a medium M |3» ^^ 8 ^Sp^ofG«18.T!«~G«1B-n.lll« 
resistance was judgedfrom the surv.val ntt* A "^^J^^^Ln culture was suspended in 0.5 ml of 
clones were grown to confluence ,n 35 mm plates J^JJ ™ lrQ2en at The remaining one fifth was 

a preservation medium [ES med.um + 10% DMSO (Sigma) ana ic DNA was prepared by 

Peculated into a 12-wel. gelatin coated plate and ^^"^^^S^^f clones were digested with 
he same procedures as in Example 2. These genorru DNA. ftom G418 sens* ^ ^ 

restriction enzyme EcoR. (Takara Shuzo) ^^SSS^B^ Xh °' fra9m6nt ^ A) T*™* 
performed to confirm the removal of the « r^^"^ ^^ed in #131 -3 clone which hybridize with Probe A were 
resistance gene-containing pSTneoB. As *J™^**^ ^confirmed that the G418 resistance marker gene 
not detected at all in the sensitive clones. From these ™^ as a result 0 f Southern blot analysis 

h ad been sure* removed in the ^l^^^^^^St^^ EcoRI, no specific band which 



^^^e^^ in Section 4. Example 48 
Example 53 



25 



ES cell clone 



» Unsle.^ by microoel lusion » data** in B™J* » ^.^.m. |„ »W G418 ms.a.nt 

by PCR analysis or the like (see Example 9). 
35 Example 54 

cell clone retaining human chromosome #14 (fragment) 
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[02481 A human chromosome # 2 f ragm T ^^^^^^^^Z^ 
#22 (containing the antibody heavy-cha.n ^^^ t ^ cLmosome #14 partial fragment ^418 n> 
antibody heavy-chain-deficient mouse ES cell do ne _reta .ning a nu ln the resultant puromycin and G41 8 

sistant)LmExamp.e5^ and human chromosome #2 

s t ::n=yPCRana,sisorthelike(seeExamp,es 1 8and35). 

Example 55 

■ , hime ncmicefromtheendogenousantibodyheavy-chain-deficientmouseES.cel. S retaininghu m an 
SSnTSTS — « S«n antfcody heavy-chain gene 
[0249] Chimericmicefmmtheendo^ 

Example 53 retaining human chromoso me #14 (^^J chimeric mice, a human antibody heavy-cha.n pro- 
duced by the same procedures ; as ,n B-np^lh. esu^a ^ ^ ^ ^ 
duced in the ES cell ^^^J^SSS cells are only the human-derived gene on the transferred chro- 

;r 0 rm a ™ 
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Example 56 

Production of chimeric mice from the endogenous antibody heavy-chain-defirient mouse ES cells retaining human 
chromosomes #1 4+#2 (fragments) or #1 4+*22 (fragments) 

T02501 Chimeric mice are produced by the same procedures as in Examples 19, 36. etcfrom the endogenous antibody 

SoSSJed in Example 54. In the result chimeric mice, human antibody heavy-cham and hght^ham Kor X are 
ITecVed in the ES cell clone-derived B cells according to the method described in Examples 14. 23 and 32^ As in 
Example 55 anybody heavy-chain genes functional in the ES cell clone-derived B cells are on* the human-denved 
geTo the transferred chLosome. Thus, many of the ES cell clone-derived B cells produce human h^ctan. 
Furthermore, complete human antibody molecules both heavy and light-chains whteh are derrved from humans are 
also detected by the method described in Examples 37 and 38. 

Example 57 

Production of human antibody-producing hybridomas from the chimeric mice derived from the endogenous antibody 
^^SSnl moused cells retaining human chromosomes #14^2 (fragments) or *14 + *22 (fragments) 

f0251l The chimeric mice from Example 56 are immunized with an antigen of interest in the same manner as in 
Examples ^ 5 25 and 34. The spleen is Isolated from each mice and the spleen cells are fused w Uhmyeloma ( cells o 
pZcf hybridomas. After cutLtion for 1-3 weeks, the culture supernatant is analyzed by EL ISA. The , EL IS A ,s 
oertorrned by the method described in Examples 14. 15. 21. 24, 25, 33. 34. 37 and 38. As a result human anhbody 
posZ ctnes and Cones which are human antibody positive and specific to the antigen used n the .mmumzaton are 
obtained. 

Example 58 

Productionofanantibody lights 
i ES celts 

[02521 Ahomologousrecombinant.whichhasfurtherdisruptioninanantibodylight-chaingenein^ 
chain-deficient homozygote TT2F cell clone (G418 sensitive) obtained in Example 52 .s produced by the follow.ng 
endures Briefly the antibody light-chain targeting vector prepared in Section 4, Example 48 « l.neanzed wrth re- 
Eon enzyme £pnl (Takara Shuzo), and transferred into the above TT2F cell clone (G41 £ isens-trve) a^ordmg^to 
m^me hod SescriJed in Shinichi Aizawa, "Biomanual Series 8: Gene Targeting". pub.,shed *^*J^«" 
7 9 days colonies formed are picked up. They are stored frozen and genomic DNA ,s prepared ,n the > same ™nne 
as in Example 49. Genomic DNAs from G418 resistant clones are digested with restnct.on enzymes EcoRI and Nm 
?a ka ra ShSzo) and separated by agarose gel electrophoresis. Then, Southern blot analyse .s performed to detect, 
homologous recombinants with the probe described in Section 4, Example 48. 

Example 59 

Production of an double knockout clone from the antibody light-chain homologous recombinant 

102531 A clone in which both alleles of a light-chain gene are disrupted is prepared from the TT2F ^IbooVjight- 
chatnhomologous recombinant (and antibody heavy-chain-deficient homozygote) clons .from Ex 
r^ms described below Briefly, a high concentration G418 resistant clone is prepared and stored frozen, and DNA 
manner as inlxample 51. Genomic DNA from the high concentration »JBn^don» 
dieted with restriction enzymes EcoRI and Notl (Takara Shuzo) and separated by agarose gel electrophores*. Then. 
SS^^S^ ^ Permed to detect those clones in which both alle.es have been disrupted, wrth the probe 
from Section 4, Example 48. 
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Example 60 '™ ~ 

Removal of the G41 8 resistance gene from the antibody light-chain-deficient homozygote (antibody heavy-chain- 
deficient homozygote) TT2F cell clone 

[0254] The G41 8 resistance marker gene in the antibody light-chain both alleles-disrupted clone (high concentration . 
G418 resistant clone) obtained in Example 59 is removed by the same procedures as in Example 52. Briefly, an ex- 
pression vector, pBS185 (BRL),. containing Cre recombinase gene which causes a site-directed recombination be- 
tween the two loxP sequences inserted at both the ends of the G418 resistance gene (Section 1, Example 48) was 
transferred into the above clone according to the method described in Example 52. The resultant G41 8 sensitive clones 
are grown to confluence in 35 mm plates, and 4/5 of the resultant culture was suspended in 0.5 ml of a preservation 
medium [ES medium + 10% DMSO (Sigma)] and stored frozen at -80°C by the same procedures as in Example 52. 
The remaining 1/5 was inoculated into a 12-well gelatin coated plate. After cultivation for two days, genomic DNA is 
prepared by the method described in Example 2. These genomic DN As from G41 8 sensitive TT2F clones are digested 
with restriction enzyme EcoRI (Takara Shuzo) and separated by agarose gel electrophoresis. Then, Southern blotting 
is performed to confirm the removal of the G418 resistance gene using a 3.2 kb Xhol fragment from G41 8 resistance 
gene-containing pSTneoB as a probe. 

Example 61 

(1) Transfer of a human chromosome #14 fragment (containing antibody heavy-chain gene) into the endogenous 
antibody heavy-chain and k chain-deficient ES cell clone 

[0255] - A human chromosome #14 fragment SC20 (containing a human antibody heavy-chain gene) was transferred 
by microcell fusion as described in Section 2 of Example 68 into the mouse ES cell clone HKD31 (from TT2F, G418 
sensitive, puromycin sensitive) obtained in Example 78 which is deficient in both endogenous antibody heavy-chain 
and k chain. The microcell fusion and the selection of G418 resistant clones were performed in the same manner as 
in Example 2. Eight of the resultant G418 resistant clones were subjected to PCR analysis using IgM and D14S543 
primers (see Example 68). As a result, both markers were detected in 8 out of the 7 clones analyzed. Hence, it was 
confirmed that the antibody heavy-chain and k chain-deficient ES ceil clone retains the human chromosome #14 frag- 
ment SC20. 

(2) Production of chimeric mice from the endogenous antibody heavy-chain and k chain genes-disrupted mouse ES 
cells retaining a human chromosome #14 fragment (containing antibody heavy-chain gene) 

[0256] Chimeric mice were produced by the same procedures as in Example 10, etc. from the endogenous antibody 
heavy-chain and k chain genes-disrupted mouse ES cell clone HKD31-8 which was obtained in Section 1 of Example 
61 and which retains a human chromosome #14 fragment (containing a human antibody heavy-chain gene). As a result 
of transplantation of a total of 1 88 injected embryos, 25 offspring mice were born. Chimerism in the offsprings can be 
determined by the extent of TT2 cell-derived agouti coat color (dark brown) in the host embryo (ICR) - derived albino 
coat color (white). Out of the 25 offsprings, 17 mice were recognized to have partial agouti coat color, indicating the 
contribution of the ES cells. Out of the 17 mice, three were chimeric mice in which more than 95% of their coat color 
was (ES cell-derived) agouti. 

[0257] From these results, it was confirmed that the endogenous antibody heavy-chain and k chain genes-disrupted 
mouse ES cell clone retaining the human chromosome #14 fragment (containing a human antibody heavy-chain gene) 
maintains the ability to produce, chimera, that is, the ability to differentiate into normal tissues of mice. 

(3) Detection of human antibody (having human u., y or a chain) in sera of the chimeric mice derived from the 
endogenous antibody heavy-chain and k chain genes-disrupted mouse ES cells retaining a human chromosome #14 
fragment (containing antibody heavy-chain gene) 

[0258] The chimeric mice produced in Section 2 of Example 61 (derived from HKD31-8) were bled 12 weeks (#1) or 
7 weeks (#2-4) after birth. The human antibody concentration in the sera was determined by ELISA in the same manner 
as in Example 14. Ninety six-well microtiter plates were coated with PBS-diluted anti-human immunoglobulin u, chain 
antibody (Sigma, I6385) or anti-human immunoglobulin ychain antibody (Sigma, I3382) or anti-human immunoglobulin 
a chain antibody (Pharmingen, 08091 D) and then a serum sample diluted with mouse serum (Sigma, M5905)-contain- 
ing PBS was added. Subsequently, peroxidase-labeled anti-human immunoglobulin u. chain antibody (The Binding Site 
Limited, MP008) or peroxidase-labeled anti-human immunoglobulin Y chain antibody (Sigma, A0170) was added to 
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ABC Kit PK4000) was added thereto and incubated. TMBZ (Sumitomo BaKeme, ml ti *v i y «« 

Purttied hums^munoslobulns IgM (CAPPEL 6001 igu t g . ' lor aettimlning Human 

alsTIIt the y chain subclasses and a chain were expressed there.n as a result of class switching. 

Table 20. 



> 



5 



Human Antibody Concentrations in Chimeric Mice (EL1SA) 


Chimeric Mouse 


Chimerism % 


Human Antibody (mg/l) 


IgM 


igG 


IgA 


#1 


90 


270 


1250 


0.46 


#2 


99 


370 


820 


0.23 


#3 


99 


550 


1460 


0.32 


#4 


95 


340 


2300 


0.06 



chromosome #14 Iragment (containing antibody heavy-chain gene) 

r02601 Chimeric mice #3 (derived from HKD31-8; chimerism 99%) and #4 (chimerism 95%) which had exhibited la 
nTL^ntibody^^ 

below Human serum albumin (HSA, Sigma, A3/BZ) aissoivea m roo »■» j 

s ribi — izszi ~?££zzzzz££ZE£££ 

antibody (Tago. #2392). Briefly, fused cells from chimeric mouse #3 were inoculated into frtteen 96-well plates, from 
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which 4 plates were selected by G418 resistance. The culture supernatants of these 4 plates were screened to obtain 
5 positive wells. Wells which exhibited colony formation after selection with HAT or 1 mg/ml of G418 were 74 wells/ 
plate for HAT and 29 wells/plate for G418. The cells of those wells which were positive for human y chain-containing 
anti-HSA antibody and which had a relatively large number of cells were transferred into 46-well plates and cultured 

5 for another 4 days. The isotype of the antibody in the culture supernatant was determined by ELISA. ELISA was 
performed in HSA-coated plates using alkali phosphatase-labeled anti-human lgG1 antibody (Zymed Labolatories, 
Inc., 05-3322), anti-human lgG2 antibody (Zymed Labolatories, Inc., 05-3522), anti-human lgG3 antibody (Zymed 
Labolatories, Inc., 05-3622) and anti-human lgG4 antibody (Zymed Labolatories, Inc., 05-3822) in the same manner 
as in Example 14. As a result, 27 human lgG1 positive clones, 11 human lgG2 positive clones, 2 human lgG3 positive 

w clones and 13 human lgG4 positive clones were obtained. Fused cells from chimeric mouse #4 were treated in the 
same manner to obtain 4 positive clones with a large number of cells as human lgG1 producing clones. 
[0262] These results show that the immunization by human protein (HSA) of the chimeric mice derived from the 
endogenous antibody heavy-chain & light-chain-deficient mouse ES cells retaining the human chromosome #14 partial 
fragment containing a human antibody heavy-chain gene increases the antibody titers of antigen specific human Igu., 

is y and a to thereby enable the acquisition of hybridomas producing anti-HSA antibody containing u. chain and ail of the 
human y chain subclasses. 

Example 62 

20 Transfer of human chromosome #2 (containing light-chain k gene) into the endogenous antibody heavy-chain and k 
chain-deficient ES cells retaining a human chromosome #14 fragment (containing antibody heavy-chain gene) 

[0263] A human chromosome #2 fragment (containing antibody light-chain k gene) marked with a puromycin resist- 
ance gene was transferred into the endogenous antibody heavy-chain and x chain-deficient mouse ES cell clone 

25 HKD31-8 obtained in Section 1 of Example 61 and which retained a human chromosome #14 fragment (containing an 
antibody heavy-chain gene). The method of transfer was by microcell fusion as described in Example 18. As a result, 
13 puromycin and G418 double-resistant clones were obtained. These clones were subjected to PCR analysis (see 
Example 18) using IgM and D14S543 primers (see Example 68) for the chromosome #14 fragment and V k 1 and 
FABP1 primers (see Example 12) for the chromosome #2 fragment. As a result, the presence of all the 4 markers was 

30 confirmed in 8 clones. Of these clones, KH13 clone was subjected to FISH analysis using human chromosome-specific 
probes (see Examples 9 and 12). The results are shown in Fig. 34. Two independent, small chromosome fragments 
hybridizing to the probes were observed in KH13. These results show that KH13 retains both the chromosome #14 
fragment and the chromosome #2 fragment. 

35 Example 63 

Transfer of human chromosome #22 (containing light-chain X gene) into the endogenous antibody heavy-chain and k 
chain-deficient ES cells retaining a human chromosome #14 fragment (containing antibody heavy-chain gene) 

40 [0264] Human chromosome #22 (containing antibody light-chain X gene) marked with a puromycin resistance gene 
was transferred into mouse ES cell clone HKD31-8 obtained in Section 1 of Example 61 which was deficient in the 
endogenous antibody heavy-chain &k chain and which retained a human chromosome #14 fragment (containing an 
antibody heavy-chain gene). The method of transfer was by microcell fusion as described in Example 35. As a result, 
12 puromycin and G418 double drug-resistant clones were obtained. These clones were subjected to PCR analysis 

45 (see Example 35) using IgM and D14S543 primers for the chromosome #14 fragment and Ig X, D22S315, D22S275, 
D22S278, D22S272 and D22S274 primers (see Example 2) for the chromosome #22 fragment. As a result, the pres- 
ence of all of the 8 markers was confirmed in 1 0 clones. Of the remaining 2 clones, LH1 3 clone exhibited the presence 
of 5 markers, IgM, D14S543, Igl, D22S275 and D22S274. Thus, it is believed that this clone contains a fragment of 
human chromosome #22. LH13 was further subjected to FISH analysis using a human chromosome #22-specif ic probe 

so and a human chromosome # 1 4-specific probe separately. As a result, independent chromosome fragments hybridizing 
to the respective probes were observed. This indicates that this clone retains both a chromosome #14 fragment and 
a chromosome #2 fragment. 

55 
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Example 64 

Production of endogenous antibody heavy-chain & light-chain-deficient mouse ES cells retaining three human 
chromosomes, #2 (containing antibody light-chain k gene), #14 (containing antibody heavy-chain gene) and #22 
(containing antibody X chain gene), or partial fragments thereof 

[0265] In order to obtain mouse ES cells retaining three kinds of human chromosomes, human chromosome #2 or 
#22 is marked by inserting a marker gene such as blasticidin resistance (Izumi et al., Exp. Cell. Res., 197:229, 199.1), 
hygromycin resistance (Wind et al., Cell, 82:321-, 1995), etc. This marking is performed according to the method 
described in Examples 16 and 26. Human chromosome #22 (containing human antibody tight-chain X gene) marked 
with blasticidin resistance, hygromycin resistance, etc. is transferred into the mouse ES cell clone (from TT2F, G418 
resistant, puromycin resistant) obtained in Example 62 which is deficient in endogenous antibody heavy-chain & light- 
chain and which retains both human chromosome #14 (fragment) and human chromosome #2 (partial fragment). The 
method of transfer is by the method described in Example 9. As feeder cells for culturing ES cells, appropriate cells 
are selected depending on the selection marker used. When a hygromycin resistance marker is used, primary culture 
fibroblasts obtained from a transgenic mouse strain which retains and expresses the marker (Johnson et al., Nucleic 
Acids Research, vol. 23, No. 7, 1273-, 1995) are used. It is confirmed by PCR analysis, etc. (see Examples 9, 18 and 
35) that the resultant G41 8, puromycin and hygromycin (or blasticidin) triple drug-resistant clones retain the three kinds 
of human chromosomes (fragments) described above. In the same manner, a human chromosome #2 fragment marked 
with a hygromycin or blasticidin resistance gene is transferred into the mouse ES cell clone (from TT2F, G41 8 resistant, 
puromycin resistant) obtained in Example 63 which is deficient in endogenous antibody heavy-chain & light-chain and 
which retains both human chromosome #14 (fragment) and human chromosome #22 (fragment). 

Example 65 

Production of chimeric mice from the endogenous antibody heavy-chain & light-chain genes-disrupted mouse ES cells 
retaining a plurality of human chromosomes (fragments) containing human antibody heavy-chain gene and light-chain 
gene, respectively 

[0266] Chimeric mice are produded by the same procedures as in Example 10, etc. from the endogenous antibody 
heavy-chain & light-chain genes-disrupted mouse ES cell clones that retain human chromosomes (fragments) con- 
taining human antibody genes and which were obtained in Examples 61 , 62, 63 and 64. In the resultant chimeric mice, 
mouse antibodies produced in host embryo-derived B cells and human antibodies produced mainly in ES cell clone- 
derived B cells are detected by the method described in Examples 14, 23 and 32. Since the antibody heavy-chain gene 
and the light-chain x gene which are both functional in the ES cell clone-derived B cells are only human-derived genes 
on the transferred chromosomes, many of the ES cell clone-derived B cells produce human antibody heavy-chain and 
light-chain k (Lonberg et al., Nature, 368:856-, 1994). Furthermore, complete human antibody molecules in which both 
heavy- and light-chains are derived from human are also detected by the method described in Examples 37 and 38. 

(1) Production of chimeric mice from the endogenous antibody heavy-chain and k chain genes-disrupted mouse ES 
cells retaining both a human chromosome #14 fragment (containing antibody heavy-chain gene) and a human 
chromosome #2 fragment (containing antibody light-chain k gene) 

[0267] Chimeric mice were produced by the same procedures as in Example 1 0, etc. from mouse ES cell clone KH1 3 
obtained in Example 62 which is deficient in the endogenous antibody heavy-chain and k chain genes and which retains 
both a human chromosome #14 fragment (containing an antibody heavy-chain gene) and a human chromosome #2 
fragment (containing light-chain k gene). As a result of transplantation of a total of 1 76 injected embryos, 20 offspring 
mice were born. Chimerism in the offsprings can be determined by the extent of TT2 cell-derived agouti coat color 
(dark brown) in the host embryo (ICR)-derived albino coat color (white). Out of the 20 offsprings, 7 mice were recognized 
to have partial agouti coat color, indicating the contribution of the ES celts. 

[0268] From these results, it was confirmed that the endogenous antibody heavy-chain and k chain genes-disrupted 
mouse ES cell clone retaining both a human chromosome #14 fragment (containing an antibody heavy-chain gene) 
- and a human chromosome #2 fragment (containing light-chain k gene) maintains the ability to produce chimera, that 
is, the ability to differentiate into normal tissues of mice. 
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(2) Production of chimeric mice from the endogenous antibody heavy-chain and k chain genes-disrupted mouse ES 
cells retaining both a human chromosome #14 fragment (containing antibody heavy-chain gene) and a human 
chromosome #22 fragment (containing tight-chain X gene) 

5 [0269] Chimeric mice were produced by the same procedures "as in Example 10, etc. from mouse ES cell clone 
LH13 obtained in Example 63 which is deficient in the endogenous antibody heavy-chain and k chain genes and which 
retains both a human chromosome #1 4 fragment (containing an antibody heavy-chain gene) and a human chromosome 
#22 fragment (containing light-chain X gene). As a result of transplantation of a total of 114 injected embryos, 22 
offspring mice were born. Chimerism in the offsprings can be determined by the extent of TT2 cell-derived agouti coat 

10 color (dark brown) in the host embryo (ICR)-derived albino coat color (white). Out of the 22 offsprings, 5 mice were 
recognized to have partial agouti coat color, indicating the contribution of the ES cells. 

[0270] From these results, it was confirmed that the endogenous antibody heavy-chain and k chain genes-disrupted 
mouse ES cell clone retaining both a human chromosome #14 fragment (containing an antibody heavy-chain gene) 
and a human chromosome #22 fragment (containing light-chain X gene) maintains the ability to produce chimera, that 
15 is, the ability to differentiate into normal tissues of mice. 

(3) Detection and quantitative determination of complete human antibody in sera of the chimeric mice derived from the 
endogenous antibody heavy-chain and k chain-deficient mouse ES cells retaining both a human chromosome #2 partial 
fragment and a human chromosome #14 partial fragment 

. 20 

[0271] The chimeric mice (derived from KH13) produced in Section 1 of Example 65 were bled at day 40 after birth. 
The concentrations of human antibody in the sera were determined by ELISA in the same manner as in Example 14. 
Briefly, ELISA plates were coated with PBS-diluted anti-human immunoglobulin k chain antibody (Kirkegaard & Perry 
Labolatories Inc. , 01-10-1 0) or anti-human immunoglobulin k chain antibody (Vector, AI-3060) and then serum samples 

25 diluted with mouse serum (Sigma, M5905)-supplemented PBS were added. Subsequently, peroxidase-labeled anti- 
human immunoglobulin u chain antibody (The Binding Site Limited, MP008) or peroxidase-labeled anti-human immu- 
noglobulin 7 chain antibody (Sigma, A0170) was added and incubated. TMBZ (Sumitomo Bakelite, ML-1120T) was 
added as a peroxidase substrate and then enzyme activity was determined by absorbance measurement at 450 nm. 
Purified human immunoglobulins IgM (Caltag, 13000) and IgG (Sigma, I4506) of known concentrations having \i chain 

30 and k chain were used as standards for determining human antibody concentrations in the sera by comparison. These 
standards were diluted stepwise with mouse serum-supplemented PBS. The results are shown in Table 21. Chimeric 
mice were confirmed that had concentrations of complete human antibody more than 1 0 times higher than in chimeric 
mice derived from ES cells whose endogenous antibody genes were not knocked out. Also, complete human antibody 
containing human y chain was confirmed in the sera of the chimeric mice. 

35 [0272] From these results, it was confirmed that the concentration of complete human antibody in which both heavy- 
and light-chains were derived f rom human increasesed in the chimeric mice derived from the endogenous antibody 
heavy-chain and k chain-deficient mouse ES cells retaining both a human chromosome #14 partial fragment and a 
human chromosome #22 partial fragment. 



Table 21. 



Concentrations of Human Antibodies in Chimeric Mice (ELISA) 


ES clone 


Chimeric mouse 


Chimerism (%) 


IgM, k (mg/l) 


IgG, k (mg/l) 


KH13 


CKH13-1 


95 


0.1 


0.07 


KH13 


CKH13-2 


85 


0.9 


0.13 



(4) Detection and quantitative determination of complete human antibody in sera of the chimeric mice derived from the 
endogenous antibody heavy-chain and k chain-deficient mouse ES cells retaining both a human chromosome #14 
partial fragment and a human chromosome #22 partial fragment 

[0273] The chimeric mice (derived from KH13) produced in Section 2 of Example 65 were bled at day 49 after birth. 
The concentrations of human antibody in the sera were determined by ELISA in the same manner as in Example 14. 
Briefly, ELISA plates were coated with PBS-diluted anti-human immunoglobulin X chain antibody (Kirkegaard & Perry 
Labolatories Inc., 01 -1 0-1 1 ) or anti-human immunoglobulin X chain antibody (Vector, AI-3070) and then serum samples 
diluted with mouse serum (Sigma, M5905)-supplemented PBS were added. Subsequently, peroxidase-labeled anti- 
human immunoglobulin u chain antibody (The Binding Site Limited, MP008) or peroxidase-labeled anti-human immu- 
noglobulin y chain antibody (Sigma, A0170) was added and incubated. TMBZ (Sumitomo Bakelite, ML-1120T) was 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



added as a peroxidase substrate and then enzyme activity was determined by absorbance measurement at 450 nm. 
Purified human immunoglobulins IgM (Caltag, 1 3000) and IgG (Sigma, 14506) of known concentrations having u. chain 
and k chain were used as standards for determining human antibody concentrations in the sera by comparison. These 
standards were diluted stepwise with mouse serum-supplemented PBS. The results are shown in Table 22. Chimeric 
mice individuals were confirmed that had concentrations of complete human antibody about 40 times higher than in 
chimeric mice derived from ES ceils whose endogenous antibody genes were not knocked out. Also, complete human 
antibody containing human y chain was confirmed in the sera of the chimeric mice. 

[0274] From these results, it was confirmed that the concentration of complete human antibody in which both heavy- 
and light-chains were derived f rom human increasesed in the chimeric mice derived from the endogenous antibody 
heavy-chain and k chain-deficient mouse ES cells retaining both a human chromosome #14 partial fragment and a 
human chromosome #22 partial fragment. 

Table 22. 



Concentrations of Human Antibodies in Chimeric Mice (ELISA) 


ES clone 


Chimeric mouse 


Chimerism (%) 


IgM, X (mo/I) 


IgG, X (mg/i) 


LH13 


CLH13-1 


95 


13 


2.6 


LH13 


CLH13-2 


90 


2.8 


0.36 



Example 66 

Production of complete human antibody-producing hybridomas from chimeric mice prepared by transferring the 
endogenous antibody heavy-chain and light-chain-deficient mouse ES cells retaining both a human chromosome #14 
partial fragment and a human chromosome #22 partial fragment into immunodeficient mouse host embryos 

[0275] A chimeric mouse CLH13-3 (derived from TT2FES clone LH13; chimeri sm 35%) obtained in Section 3 of 
Example 67 was immunized with HSA from day 43 after birth. Briefly, human serum albumin (HSA, Sigma, A3782) 
dissolved in PBS was mixed with an adjuvant (MPL+TDM Emulsion, RiBI Immunochem Research Inc.) to prepare a 
HSA solution with a concentration of 0.25 mg/ml, 0.2 mi of which was administered intraperitoneally twice at an interval 
of 1 week. One week thereafter, the mouse was immunized with human serum albumin dissolved in PBS. The mouse 
was bled every 1 week to determine the concentrations of anti-HSA human antibodies in the serum by ELISA in the 
same manner as in Example 14. The results are shown in Fig. 35. The spleen was removed from the chimeric mouse 
at day 3 after the final immunization and then cell fusion was performed using PEG in the same manner as in Example 
24 to prepare hybridomas. Briefly, the fused cells were diluted with a medium (Sanko Pure Chemical, S Cloning Medium 
CM-B) containing HAT (Dainippon Pharmaceutical Co., Ltd., No. 1 6-808-49) or 1 mg/ml of G41 8 to give a concentration 
of 1 0 6 spleen cells/ml and then dispensed into 96-well plates (1 00 uJ/well), followed by cultivation. Both of the selection 
media contained 5% HCF (Air Brown). At day 6 of the cultivation, colonies were formed in almost all wells in both the 
G418 selection and HAT selection plates. A total of about 770 hybridoma-positive wells were obtained. The culture 
supernatants were collected and subjected to screening for human antibody-producing hybridomas by ELISA in the 
same manner as in Example 14. Briefly, ELISA plates were coated with anti-human immunoglobulin X chain antibody 
(Vector, AI-3070). Biotin-labeled anti-human immunoglobulin X chain antibody (Vector, BA-3070) and an avidin-perox- 
idase complex (Vector ABC Kit PK4000) were used for detection with TMBZ (Sumitomo Bakelite, ML-1120T) used as 
a substrate. An absorbance about 2 times higher than the absorbance in the negative control was used as a criterion 
for judgement. As a result, 1 7 positive wells were obtained. The cells of the positive wells were transferred into 24-well 
plates and cultured in IMDM medium containing 10% FBS. The culture supernatants were analyzed by ELISA in the 
same manner as in Section 4 of Example 65. As a result, the presence of 0.09-11 mg/ml of complete human antibody 
having both human Igp. & \gX was confirmed in 1 6 wells. The antibody titer of anti-HSA human X chain was determined 
in the same manner as in Example 33 to obtain one positive well. The cells of the well which was complete human 
antibody-positive and anti-HSA human X chain-positive were cloned by limiting dilution according to the method de- 
scribed in Ando, "Monoclonal Antibody Experiment Procedure Manual", published by Kodansha Scientific in 1991 . As 
a result, 2 clones of anti-HSA human X chain-positive hybridomas were obtained. 

[0276] From these results, it was confirmed that complete human antibody-producing hybridomas could be obtained 
from chimeric mice prepared by transferring the endogenous antibody heavy-chain and light-chain-deficient mouse 
ES cells retaining both a human chromosome #14 partial fragment and a human chromosome #22 partial fragment 
into immunodeficient mouse host embryos. Furthermore, it was confirmed that the antibody titers of antigen-specific 
human Igu. and \gX increased in response to the stimulation with the HSA antigen. It was further confirmed that hybri- 
domas producing a HAS-specif ic antibody consisting of human Igu, and IgX could be obtained from this chimeric mouse. 
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[0277] Since the fused cells had a drug resistance marker on their chromosome, it was possible to select hybridomas 
using G41 8 without adding HAT. After G418 selection, only those cells having a human chromosome grow and, thus, 
hybridomas can be obtained selectively. Also, it is expected that a human chromosome can be prevented from falling 

Furtte^ is expected that even myeloma cells unsuitable for HAT selection such as those having HGPRT (hy- 
poxanthine-guanine-phosphoribosyltransferase) enzyme may become available for cell fusion. 

Example 67 

Production of chimeric mice with heavy-chain gene-disrupted host embryos 

[0278] From those mice exhibiting agouti coat color among the progeny of the endogenous antibody heavy-chain 
one allele-disrupted TT2F cell clone - derived chimeric mice produced in Example 49, mice retaining the disrupted 
allele are selected by Southern blot analysis (Example 49) or the like (the expected possibility is 1/2). Offsprings born 
by the mating of those antibody heavy-chain-deficient heterozygous male and female mice are subjected to Southern 
blot analysis (see Example 49), analysis of the production of antibody heavy-chains in sera (Kitamura et al., Nature, 
350 423- 1 991), etc. Thus, antibody heavy-chain-deficient homozygotes can be obtained which are deficient in both 
alleles and which can hardly produce functional antibodies of their own (the expected possibility is 1/4; for the results 
in membrane-type \l chain-deficient mice, see Kitamura et al, Nature, 350:423-, 1991). 

(1) Establishment of an antibody heavy-chain knockout mouse strain 

[0279] Those mice that exhibited agouti coat color among the progeny of the endogenous antibody heavy-chain one 
allele-disrupted TT2F cell clone-derived chimeric mice produced in Example 49 were subjected to Southern blot anal- 
ysis (Example 49) to select those mice that retained the disrupted allele. Offsprings bom by the mating of these antibody 
heavy-chain-deficient heterozygous male and female mice were subjected to Southern blot analysis (see Example 49) 
and analysis of the production of antibody u chain in sera (Kitamura et al., Nature, 350:423-, 1991), etc. As a result, 
antibody heavy-chain-deficient homozygotes could be obtained which were deficient in both alleles and which could 
hardly produce functional antibodies of their own (for the results in membrane-type u chain-deficient mice, see Kitamura 
etal., Nature, 350:423-, 1991). . ' 

[0280] Thus, an antibody heavy-chain knockout mouse strain could be established from the antibody heavy<;nain 
one allele-disrupted TT2F cell clone. 

[0281] Embryos obtained by mating the homozygous male and female mice bred in a clean environment may be 
used as hosts for producing chimeric mice. In this case, most of the B cells functional in the resultant chimeric mice 
are derived from the injected ES cells. Other mouse strains which cannot produce their own functional B cells, such 
as RAG-2-deficient mouse (Sinkai et al., Cell, 68:855-, 1 992), may also be used forthis purpose. In this system, chimeric 
mice are produced by the same procedures as in Example 10, etc. using the mouse ES cell clone from Examples 62, 
63 or 64 which is deficient in endogenous antibody heavy-chain & light-chain and which retains human chromosomes 
#14+#2, #14+#22 or #14+#2+#22 (fragments). The resultant chimeric mice mainly produce human antibodies by the 
expression of human antibody heavy-chain (on chromosome #14), light-chain k (on chromosome #2) and light-chain 
X (on chromosome #22) genes that are functional in ES cell-derived B cells. 

(2) Detection and quantitative determination of complete human antibody in sera of the chimeric mice produced by 
injecting the endogenous antibody heavy-chain and k chain-deficient mouse ES cells retaining both a human 
chromosome #2 partial fragmented a human chromosome #14 partial fragment into immunodeficient mouse host 
embryos 

[0282] Chimeric mice were produced in the same manner as in Section 1 of Example 65 by injecting the ES cell 
clone KH10 from Example 62 into the embryos obtained by mating male and female mice of the antibody heavy<hain 
knockout mouse strain established in Section 1 of Example 67. Seven-week old resultant chimeric mice were bled to 
determine the concentrations of human antibodies in the sera by ELISA in the same manner as in Example 14 and 
Section 3 of Example 65. The results are shown in Table 23. Complete human antibodies having human \l chain + k 
chain and human y chain + k chain, respectively, were confirmed in the sera of the chimeric mice. It was also confirmed 
that by transferring ES ceils into immunodeficient host embryos, complete antibodies could be obtained even in the 
resultant chimeric mice of low chimerism since B cells are differentiated only from ES cells. 
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Table 23. 



Concentrations of Human Antibodies in Chimeric Mice (ELISA) 


ES clone 


Chimeric mouse 


Chimerism (%) 


lgM,K(mg/l) 


IgG, k (mg/1) 


KH13 


CKH10-1 


6 


6.1 


0.17 


KH13 


CKH10-2 


3 


1.9 


0.4 



(3) Detection and quantitative determination of complete human antibody in sera of the chimeric mice produced by 
iniectinq the endogenous antibody heavy-chain and k chain-deficient mouse ES cells retaining both a human 
chromosome #14 partial fragment and a human chromosome #22 partial fragment into immunodeficient mouse host 
embryos 

[0283] Chimeric mice were produced in the same manner as in Section 2 of Example 65 by injecting the ES cell 
done LH1 3 from Example 62 into the embryos obtained by mating male and female mice of the antibody heavy-chain 
knockout mouse strain established in Section 1 of Example 67. Five-week old resultant chimeric mice were bled to 
determine the concentrations of human antibodies in the sera by ELISA in the same manner as in Example 14 and 
Section 4 of Example 65. The results are shown in Table 24. Complete human antibodies having human u. chain + \ 
chain and human y chain + \ chain, respectively, were confirmed in the sera of the chimeric mice. 

Table 24. 



Concentrations of Human Antibodies in Chimeric Mice (ELISA) 



ES clone 


Chimeric mouse 


Chimerism (%) 


lgM.Mmg/1) 


LH13 


CLH13-3 


35 


51 


LH13 


CLH13-4 


85 


32 


LH13 


CLH13-4 


30 


27 



Example 68 

Retention of the human chromosome in offsprings of human chromosome #14 fragment (containing antibody heavy- 
chain gene)-transferred ES cell-derived chimeric mice 

(1) Isolation of human-mouse hybrid cells retaining a human chromosome #1 4 fragment containing an antibody heavy 
chain gene 

[02841 It was observed in Example 42 that a human chromosome #2 fragment transferred into mice was transmitted 
to their proqeny. Thus, it is expected that the possibility of transmission of human chromosome #14 to progeny will be 
increased if a fragment of this chromosome is used. A9/#14 clone (Example 9; corresponding to A8/14-C11 clone 
described in Tomizuka et al., Nature Genet, vol 1 6, 1 33-1 43 (1 997)) retaining an intact human chromosome #1 4 marked 
with a G41 8 resistance gene was subjected to a more detailed FISH analysis (Example 9). As a result, it was observed 
that about 1 0% of the cell population contained only a very small, fragmented human chromosome #14. This chromo- 
some fragment is almost of the same size as the chromosome #2 fragment (Example 12) and believed to contain the 
G41 8 resistance marker. , .... , 

[02851 In order to isolate the cell clones containing the fragmented human chromosome #14, (about 300) A9/#14 
cells were seeded on 10 cm plates and cultured. At day 10 of the cultivation. 31 colonies were picked up. Genomic 
ON As were prepared from these clones and subjected to PCR analysis in the same manner as in Example 9 using 
chromosome #14 specific primers (the 18 primers shown in Example 9 were used except PCI and NP . Out of the 16 
primers only IgM. IGG1, IGA2 and IGVH3 were found in one clone (A9/SC20). Since D14S543 (Science, HUMAN 
GENETIC MAP (1 994)- the base sequence was obtained from databases of GenBank, etc.) which is a marker located 
nearthe human chromosome #14 long arm telomere was also detected in the clone, thefragment of Interest (here.natter 
referred to as "SC20 fragment") retained in the clone is believed to contain a region adjacent to the chromosome #14 
telomere and which contained an antibody heavy-chain gene. 

[02861 SC20 fragment was subjectedto FISH analysis (Tomizuka et al., Nature Genet, vol 16, 133-143 (1997)) using 
a human chromosome-specific probe. As a result, it was observed that the size of the chromosome in the clone that 
hybridized to the probe was smaller than in the control clone (containing an intact chromosome #14). Thus, it was 
confirmed that A9/SC20 contained a fragment of human chromosome #14. 
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[0287] Further, in orderto examine whether SC20 fragment contained a human chromosome #14-derived centromere 
sequence, chromosome samples from A9/SC20 cells were hybridized to digoxigenin-11-dUTP-labeled human chro- 
mosome #14 or #22-specific a satelite DNA (purchased from COSMOBIO) which was used as a probe, followed by 
FISH analysis according to the method described in a reference (Tomizuka et al. , Nature Genet, vol 1 6, 1 33-1 43 (1 997)). 
5 As a result, a signal hybridizing to the above probe was confirmed. Thus, it has become clear that SC20 fragment 
contains a human-derived centromere sequence (Fig. 36). 

(2) Transfer of human chromosome #14 (fragment) into TT2F cells and stable retention of the chromosome therein 

w [0288] A human chromosome #14 fragment was microcell-transferred into TT2F cells using A9/SC20 as a chromo- 
some donor cell in the same manner as in Example 9. As a result of G418 (300 jig/ml) selection, 5 resistant clones 
were obtained. These ES ceil clones were subjected to PCR analysis (Example 68, Section 1 ) and FISH analysis (using 
human chromosome-specific probes; Tomizuka et al., supra) to confirm the retention of a human chromosome #14 
fragment. The results of the FISH analysis are shown in Fig. 37. 

is [0289] Stable retention of transferred human chromosomes in mice is important for efficient expression of the trans- 
ferred genes and efficient transmission of the transferred chromosomes to their progeny. Since selection by addition 
of drugs is impossible after an ES ceil clone has been injected into host embryos, it is desired that transferred human 
chromosomes be retained stably even under non-selective conditions. 

[0290] TT2F(SC20)-21 clone containing SC20 fragment was cultured in a medium not containing G418 for a long 

20 period to examine the retention of SC20 fragment under this condition. 

[0291] Briefly, TT2F(SC20)-21 clone was cultured in a selective medium (G418: 300 u,g/ml) for 1 week and then 
subcultured in a non-selective medium for 45 days (subcultured every other day with 8-fold dilution). At day 0, 15, 30 
and 45 of the subculture, 300-1000 cells were seeded in six 35 mm plates, three of which contained the selective 
medium and the other three non-selective medium. The cells were cultured in these plates for about 1 week and then 

25 the colonies were counted. Chromosome retention ratio (A/B) was calculated by dividing the total number of colonies 
in the 3 plates under selective conditions (A) by the total number of colonies in the 3 plates under non-selective con- 
ditions (B). For the purpose of comparison, an experiment was conducted using P-21 clone (Example 40) containing 
W23 fragment derived from human chromosome #2 in the same manner as described above (the selective medium 
contained 0.75 ng /ml of puromycin). The results are shown in Fig, 38. The values shown in Fig. 38 are average values 

30 from 3 independent experiments. SC20 fragment exhibited a high retention ratio of 95% or above even after the 45 
day cultivation under non-selective conditions. On the other hand, W23 fragment exhibited a retention ratio of 14% 
under identical conditions. 

[0292] There have been reports of the transfer of a human Y chromosome-derived artificial chromosome (containing 
human Y-derived centromere) into CHO (hamster fibroblasts), DT40 (chicken B lymphocytes) and mouse ES cell (Shen 
35 et al., Hum. Mol. Genet. 6, 1375-1382). Under non-selective cultivation, the artificial chromosome was retained stably 
in CHO and DT40. In mouse ES cells, however, only the chromosome which accidentally acquired the mouse centro- 
mere as a result of rearrangement was retained stably. From these results, an opinion was proposed that a human- 
derived centromere is unstable in mouse ES cells (Shen et al., supra) . 

[0293] The results described above show that SC20, though it contains a human-derived centromere (Example 68, 
40 Section 1), is very stable in mouse ES cells. Since the retention of W23 fragment (which is also suggested to contain 
a human-derived centromere) (Tomizuka et al., supra) in mouse ES cells appeared to be unstable, it is considered that 
the stability of human-derived chromosomes in mouse ES cells varies depending on the type of the chromosome. 
[0294] From these results, it was- demonstrated that SC20 fragment is very useful as a vector for transferring a gene 
into mice. 

45 

(3) Production of chimeric mice from the ES cell clone retaining human chromosome #14 (fragment) 

[0295] Cells in the frozen stock of G41 8 resistant ES cell clone TT2F(SC20)-21 which was obtained in Example 68, 
Section 2 and which was confirmed to retain a human chromosome #14 fragment were thawed, started up for culture 
so and injected into 8-cell stage embryos obtained by mating male and female mice of ICR (CREA JAPAN, INC.); the 
injection rate was 10-12 cells per embryo. After the embryos were cultured overnight in the medium for ES cells (see 
Example 9) to develop into blastocysts, about 1 0 of the injected embryos were transplanted to each side of the uterus 
of foster mother ICR mice (CREA JAPAN, INC.; 2.5 days after pseudopregnant treatment). 

[0296] As a result of transplantation of a total of 188 injected embryos, 22 offspring mice were born. Chimerism in 
55 the offsprings can be determined by the extent of TT2 cell-derived agouti coat color (dark brown) in the host embryo 
(ICR)-derived albino coat color (white). Out of the 22 offsprings, 20 mice were recognized to have partial agouti coat 
color, indicating the contribution of the ES cells. Out of the 20 mice, two were chimeric mice in which their coat color 
was complete agouti (i.e. ES cell-derived). 
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■u u ^r.maA that pc; rp i| done TT2F(SC20)-21 retaining a human chromosome #2 
l02 97] From these * | ^^^ ^£^m«Lm into norma, tissues of mice, 
fragment maintains the ability to P"^^*?^J!' SC201 / 21 cnime rism 100%. C1 4m-16 and -17] were bled 

14. The results are shown in Table 25. 



10 



15 



20 



25 



30 



35 



40 



Table 25. 


concentrations of Human Antibody Heavy-Chains in Chimera 


; Mice (EL ISA) 


Chimeric mouse 


Chimerism (%) 


IgM (mg/l) 


IgG (mg/l) 


C14m-16 
C14m-17 


100 
100 


7.9 
6.0 


1.0 
1.3 



is functional. 

antibody ji chain and 7 chain in sera of the progeny 

mS^ 

derived oocytes in the chimeric mice fertitaed by male ICR T ^ b '^^2 mtoe Actually, all of the viable 
with albino coat color should be produced from C^f^ 00 ^ ^ B 

oflspring mice obtained by this mating (30 in total) exh.brted ES eel, de ^d B ymoM^. 9 mjce ^ 

mission of ES celte to the gem, cell lineage. Ge = DNAs were g^ 1 ^ ™ per1ormed J ]ng \ he tnree 
examine the retention of a human chromosome fragment y™ ™^^,^. ^ a resU lt, the presence 

Ess— wmiE^i. 

mice. 



Table 26. 



50 



55 



Concentrations of Human Antibodies IgM and IgG in Chimeric Mice (ELISA) 



Mother Chimeric Mouse 



C14m-16 
C14m-16 
C14m-16 
C14m-16 
C14m-17 
C14m-17 
C14m-17 
C14m-17 
C14m-17 



Mouse Individual No. 


IgM (mg/l) 


IgG (mg/l) 


16-5 


12.9 


2.2 


16-14 


3.5 


2.2 


16-16 


4.1 


2.0 


16-17 


5.5 


3.9 


17-7 


5.7 


1.0 


17-8 


3.6 


1.2 


17-19 


3.5 


0.75 


17-22 


2.4 


1.4 


17-23 


5.3 


1.9 . 
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[0302] Further, 3 male mice and 4 female mice in the F1 progeny were mated with MCH(ICR) mice (purchased from 
CREA JAPAN, INC.) to obtain F2 progenies, which were subjected to PCR analysis of tail DNA and analysis for human 
antibody u. chain expression as described above. As a result, it was confirmed that SC20 fragment was transmitted to 
30% of the F2 progeny through F1 male mice (43 out of the 142 offsprings were positive) and to 33% of the F2 progeny 
5 through F1 female mice (20 out of the 60 offsprings were positive). 

[0303] These results show that a mouse strain was established which retains the human chromosome #1 4 fragment 
(containing a human antibody heavy chain gene), which expresses human antibody heavy-chains and which can trans- 
mit the human chromosome to the subsequent generation. 

10 (5) Stable retention of a human chromosome #14 fragment in mice 

[0304] Three F1 mice (16-5, 17-8 and 17-23 shown in Table 26) which were obtained in Example 68, Section 4 and 
which retained SC20 fragment were used in analysis for the ratio of retention of SC20 fragment in mice. The mice were 
injected intraperitonealty with 0.3 ml of CORCEM1D( 100 u.g/ml) and then killed by dislocation of the cervical vertebrae 

15 in an euthanasic manner, followed by removal of the brain, liver, spleen, testis and bone marrow. All of these tissues 
except the bone marrow were washed with PBS(-), cut into pieces with scissors for anatomy, given hypotonic treatment 
with KCI (0.075 M) for 15 minutes, and fixed in Carnoy's fixative. Specimens were prepared using the supernatant of 
the Carnoy fixation by conventional methods. FISH analysis was performed using a human chromosome-specific probe 
(Human COT-1 DNA) accordingto the method described in a reference (Tomizuka et al., Nature Genetics, 1 6, 133-143). 

20 As to the brain, spleen, liver and bone marrow, 30 or more nuclei in interphase were selected randomly for each of 
these tissues. Then, the number of nuclei in which a signal was detected (mark V in Fig. 39) and the number of nuclei 
in which a signal was not detected (mark in Fig. 39) were counted to calculate the retention ratio. The testis were 
classified into the 1st meiosis phase spreads, the 2nd meiosis phase spreads and sperms. Ten or more spreads or 
sperms were selected for each group and then counting was performed in the same manner as described above to 

25 calculate the retention ratio. As a result, all of the 3 mice exhibited a retention ratio of almost 100% in the brain and 
liver. A decrease in the retention ratio was observed in the bone marrow and spleen. In the testis, a retention ratio of 
80-100% was obtained for the 1st meiosis phase spreads, and a retention ratio of 30-50% for sperms. Assuming that 
SC20 fragment is retained stably, the theoretical retention ratio should be 1 00% for the 1 st meiosis phase spreads and 
50% for the 2nd meiosis phase spreads and sperms. Thus, it is believed that SC20 fragment is retained stably in the 

30 testis. 

[0305] At the same time, fibroblasts were prepared from the tail and then the ratio of retention of SC20 fragment was 
examined in the same manner as in Example 79. As a result, the retention ratios in mice 16-5, 17-8 and 17-23 were 
98%, 96% and 98%, respectively (50 nuclear plate were tested for each mouse). 

35 (6) Hereditary relief of antibody production ability-deficient mice by the transfer of a human chromosome #14 fragment 
(containing antibody heavy-chain gene) 

[0306] The knockout mouse whose antibody u. chain gene essential for the generation of B lymphocytes is disrupted 
(Section 1 , Example 67) cannot produce antibody because the mouse is deficient in mature B lymphocytes responsible 

40 for humoral immunity. The following experiment was conducted to examine as to whether this deficiency could be 
relieved by transferring SC20 fragment (containing a human antibody heavy-chain gene) by mating. 
[0307] Those mice exhibiting agouti coat color among the progeny obtained by mating the endogenous antibody 
heavy-chain one allele-disrupted TT2F cell clone-derived chimeric mice from Example 49 with^MCH(ICR) mice were 
subjected to Southern blot analysis to select mice retaining the disrupted allele. A female antibody heavy-chain -deficient 

45 heterozygote thus selected was mated with a male F1 offspring (17-7) which was obtained in Example 68, Section 4 
and which retains SC20 fragment. The resultant 5 offspring mice were subjected to both PCR analysis for confirming 
the retention of SC20 fragment and determination of human antibody u. chain and 7 chain in the sera (see Example 
68, Section 4). As a result, it was confirmed that three mice #2, #3 and #5 retained SC20 fragment (Table 27). Further- 
more, as a result of the analysis for mouse antibody u. chain expression (Example 75), it was demonstrated that mice 

50 #2 and #3 are mouse u. chain- negative, that is, endogenous antibody heavy-chain-deficient homozygotes (Table 27). 
These results were consistent with the results of Southern blot analysis (see Example 49) using the DNAs prepared 
from the tails of the 5 mice. Compared to mouse #1 in which neither mouse nor human antibody heavy chain was 
detected, very high concentrations of human antibody u. chain (310 mg/l) and y chain (860 mg/l) were detected in mouse 
#3 which is antibody heavy-chain-deficient homozygote and which retains the human chromosome #14 fragment. 

55 Further, quantitative determination of human y subclasses was performed on mouse #3 in the same manner as in 
Example 29 to detect all of the 4 subclasses (y 1 , y 2, y 3 and y 4). In particular, the concentration of human \i chain in 
this mouse is comparable to the concentration of mouse u, chain in wild-type mice (Mendez et al., Nature Genet. 15, 
146-156 (1977)). These results show that the symptom of inability for antibody production because of disruption of 
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Table 27. 



Mouse No. 


Retention of SC20 Fragment 


Mouse p. Chain 


Human IgM (mg/l) 


Human IgG (mg/i) 


1 






Below detection limit 


0.33 




+ 


8.4 


5.3 


2 


+ 




310 


860 


3 


+ 


+ 


Not measured 


Not measured 


4 
5 


+ 


+ 


4.8 


0.86 



5 



Example 69 < 

Retention of the human chromosome in offsprings of human chromosome #22 (f ragment),ransferred ES cell-derived 
chimeric mice 

(1) Fragmentation of human chromosome #22 using microcell fusion 

rrwnai since it was observed that both a human chromosome #2 fragment (Example 42) and a human chromosome 

: n T G rmT~ 

2). Sixty-seven Cones which retained human lg * ^^2*2^22*272, 
markers located on human chromosome #22 (D22S315. » 22 ^.^ ' aUjre v0 , 377 367-379(1995); 
rv?v>R2 and D22S274- for the order of location on human chromosome #22, see Nature, vol. o//, oo/ o v #. 

Cones 40 . 'T^JS^JSSL^lS^™ -H-rtl-n Is X«fc«—»d Inth. lall.- 

markers otherthan Ig Xand D22S315 ^appeared human cnromosome -s P ecific probe. 

(2) Transfer of chromosome #22 (fragment) into TT2F cells 
as in Example 69, Section 1 . 

(3) Production of chimeric mice from ES cell clones retaining human chromosome #22 (fragment) 
[0311] .nthesamemannerasinExample^chimer^ 

described in Example 4. 
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(4) Transmission of human chromosome #22 (fragment) to offsprings 

[0312] The chimeric mice retaining human chromosome #22 (fragment) are mixed and mated with ICR mice. Re- 
tention of a human chromosome #22 fragment in the offsprings is examined by PCR using genomic DNAs prepared 
5 from the tails of the offspring mice having agouti coat color (see Examples 30, 42 and 43). As shown in Examples 42 
and 43, mouse ES cell clones retaining human chromosome #22 or a fragment thereof can differentiate into oocytes 
or sperms functional in chimeric mice, thereby allowing to the human chromosome #22 (fragment) to be transmitted 
their progenies. Thus, it is possible to establish a mouse strain which retains human chromosome #22 (fragment) 
containing human antibody light-chain X gene and which can transmit it to the subsequent generation. 

10 

Example 70 

Production of mice retaining both human chromosome #2 (fragment) and #14 (fragment) by mating 

15 [0313] The human chromosome #2 (fragment)-retaining mouse strain from Example 42 or 43 is mated with the human 
chromosome #14 (fragment)-retaining mouse strain from Example 68 to produce offsprings. Genomic DNAs are pre- 
pared from the tails of the offspring mice. The DNA is analyzed by PCR, etc. (Examples 9, 42 and 43) to produce those 
mice which retain both human chromosome #2 partial fragment and human chromosome #14 (fragment). 

20 Example 71 

Production of mice retaining both human chromosome #22 (fragment) and #14 (fragment) by mating 

[0314] The human chromosome #22 (fragment)-retaining mouse strain from Example 69 is mated with the human 
25 chromosome #14 (fragment)-retaining mouse strain from Example 68 to produce offsprings. Genomic DNAs are pre- 
pared from the tails of the offspring mice. The DNA is analyzed by PCR, etc. (Examples 30, 42 and 43) to produce 
those mice which retain both human chromosome #22 (fragment) and #14 (fragment). 

Example 72 

30 

Production of mice retaining the three human chromosomes #2 (fragment), #14 (fragment) and #22 (fragment) by 
mating 

[0315] The mouse strain retaining both human chromosome #2 (fragment) and #14 (fragment) obtained in Example 
35 71 is mated with the mouse strain retaining a human chromosome #2 fragment obtained in Example 42 or 43 to produce 
offsprings. Genomic DNAs are prepared from the tails of the offspring mice. The DNA is analyzed by PCR, etc. (Ex- 
amples 9, 30, 42 and 43) to produce those mice which retain all of the three human chromosomes, #22 (fragment), 
#14 (fragment) and #2 (fragment). Alternatively, mice retaining all of the above three human chromosomes may also 
/ be obtained by mating the mouse strain retaining both human chromosome #2 (fragment) and #14 (fragment) from 
40 Example 70, with the mouse strain retaining a human chromosome #22 fragment from Example 69. 

Example 73 

Production of a complete human antibody-producing mouse strain by mating 

45 

[0316] The mouse strains retaining human chromosomes #2+#14 (Example 70), #14+#22 (Example 71) and 
#2+#14+#22 (Example 72), respectively, are repeatedly mated with a mouse strain deficient in endogenous antibody 
heavy-chain and light-chain k genes. From the resultant offsprings, those mouse strains which retain human chromo- 
somes #2+*1 4, #14+#22 or #2+#1 4+#22 and which are homozygotes in the deficiency of endogenous antibody heavy- 
so chain and light-chain k genes, are selected by PCR analysis, etc. (Examples 9, 30, 42 and 43). In these strains, complete 
human antibodies are mainly produced (Green et al., Nature Genetics, 7:13-, 1994; Lonberg et al. ( Nature, 368:856-, 
1994). 

[0317] Hereinbelow, the establishment of a mouse strain which retains both a human chromosome #2 fragment and 
a human chromosome #14 fragment and which is homozygote in the deficiency of endogenous antibody heavy-chain 
55 and light-chain k genes will be described. The 4 strains used for the mating and the method for assaying the genotypes 
of each strain are as follows. 

(1) The mouse strain from Example 42 retaining a human chromosome #2 fragment: the retention of the human 
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chromosome #2 fragment is assayed by PCR analysis of the tail-derived DNA as described in Example 42 and by 
the expression of human antibody k chain in the sera. 

(2) The mouse strain from Example 68, Section 4 retaining a human chromosome #14 fragment: the retention of 
the human chromosome #14 fragment is assayed by PCR analysis of the tail-derived DNA as described in Example 
68, Section 4 and by the expression of human antibody u. chain in the sera. 

(3) The antibody heavy-chain knockout mouse strain from Example 67, Section 1 : heavy-chain deficiency-homozy- 
gotes or heterozygotes were assayed by Southern blot analysis of the tail-derived DNA as described in Example 
67, Section 1 and by the presence or absence of the expression of mouse antibody u.chain in the sera (see Example 

75). u 

(4) The antibody k chain knockout mouse strain from Example 80: k chain deficiency-homozygotes or heterozy- 
gotes were assayed by Southern blot analysis of the tail-derived DNA as described in Example 80. 

[031 8] A mouse strain which retains all of the 4 genotypes (i.e. , retaining a human chromosome #2 fragment, retaining 
a human chromosome #14 fragment, antibody heavy-chain-deficiency homozygote or heterozygote, and antibody k 
chain-deficiency homozygote or heterozygote) was established by mating the above 4 strains with each other. Specif- 
ically, after the above 4 strains used as starting materials were mated several times, a male mouse having the genotypes 
of "retaining the human chromosome #14 fragment, antibody heavy-chain-deficiency homozygote and antibody k 
chain-deficiency heterozygote" was mated with a female mouse having the genotypes of "retaining the human chro- 
mosome #2 fragment, antibody heavy-chain-deficiency homozygote and antibody k chain-deficiency homozygote" or 
"retaining the human chromosome #2 fragment, antibody heavy-chain-deficiency homozygote and antibody k chain- 
deficiency heterozygote" or "retaining the human chromosome #2 fragment, antibody heavy-chain-deficiency hetero- 
zygote and antibody k chain-deficiency homozygote". As a result, mouse HK23 "retaining the human chromosome #2 
fragment, retaining the human chromosome #14 fragment, antibody heavy-chain-deficiency homozygote and antibody 
k chain-deficiency heterozygote" and mouse HK29 "retaining the human chromosome #2 fragment, retaining the human 
chromosome #14 fragment, antibody heavy-chain-deficiency heterozygote or wild-type, and antibody k chain-deficien- 
cy heterozygote" were obtained. Fig. 42 shows the concentration of each antibody in the sera and the genotypes of 
these mice, together with the data on mouse HK28 which was also produced by the above-described mating and which 
has the genotypes of "retaining the human chromosome #2 fragment, retaining the human chromosome #14 fragment, 
antibody heavy-chain-deficiency heterozygote or wild-type, and antibody k chain-deficiency wild-type". A complete 
human antibody consisting of human u chain and human k chain was detected at a concentration of 18 mg/l in the 
serum of mouse HK23 (Example 38). 

[0319] It is possible to produce those mice having the genotypes of "retaining the human chromosome #2 fragment, 
retaining the human chromosome #14 fragment, antibody heavy^hain-deficiency homozygote and antibody k chain- 
deficiency homozygote" by mating the mice obtained by the above mating with each other. In this mouse strain, it is 
expected that human antibody k chain will be expressed at a higher concentration than in mouse HK23 because the 
deficiency of the endogenous k chain gene is substituted by the human antibody k chain gene contained in the human 
chromosome #2 fragment (Lonberg et al., Nature, 368, 856-, 1994). It is also expected that the concentration of a 
complete human antibody consisting of human heavy-chain and human k chain will increase further. 

Example 74 

Production of a human antibody-producing hybridoma from a mouse strain which is obtained by mating and which 
retains a human chromosome(s) containing a human antibody gene(s) 

[0320] The mice retaining a human chromosome(s) containing a human antibody gene(s) which were obtained in 
Example 42, 43, 68, 69, 70, 71 , 72 or 73 are immunized with an antigen of interest in the same manner as in Example 
25. The spleen is removed from each mice and the spleen cells are fused with myeloma cells to produce hybridomas. 
After cultivation for 1-3 weeks, the culture supernatant is analyzed by ELISA. The ELISA is performed by the method 
described in Examples 14, 15, 21 , 22, 25, 33, 34, 37 and 38. As a result, human antibody positive clones and clones 
which are human antibody positive and specific to the antigen used in the immunization are obtained. 

Example 75 

Detection and determination of mouse IgM in sera of chimeric mice derived from the mouse antibody heavy-chain both 
alleles-disrupted TT2F cell clone 

[0321] Offspring mice were bom in the same manner as in Example 40 from the mouse antibody heavy-chain both 
alleles-disrupted TT2F cell clone (#131-3) from Example 51. Three mice having chimerisms of 0%, 50% and 99%, 
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respectively, were selected from the offspring mice. Mouse IgM in their sera was detected and determined. Briefly, the 
chimeric mice of about 2 weeks after birth were bled and mouse IgM concentration in the sera was determined by 
ELIZA by the same procedures as in Example 14. A PBS-diluted anti-mouse IgM antibody (Kirkegaard & Perry Labo- 
ratories Inc., 01-18-03) was fixed, and then a PBS-diluted serum sample supplemented with 5% FBS was added. 

5 Peroxidase-labeled anti-mouse IgM antibody (Kirkegaard & Perry Laboratories Inc., 074-1803) was added and the 
absorbance at 450 nm was determined using TMBZ as a substrate. Purified mouse IgM (Pharmingen, 0308ID) was 
used as a standard. This standard was diluted stepwise with FBS-supplemented PBS. The results are shown in Table 
28. Of the chimeric mice derived from the mouse antibody heavy-chain both alleles-disrupted TT2F cells, the mouse 
having a chimerism of 99% exhibited a low mouse IgM concentration. Thus, it was confirmed that the mouse heavy- 

10 chain gene from the ES cells hardly functions in this mouse. 



Table 28. 



Concentration of Mouse IgM in Chimeric Mice (ELISA) 


Chimerism % 


IgM (mg/l) 


0 


12 


50 


11 


99 


1.5 



Example 76 

Preparation of a targeting vector for knocking out antibody light-chain k gene in ES cells 

[0322] Plasmid LoxP-PGKPuro in which LoxP sequence was inserted at both ends of a puromycin resistance gene 
was prepared in the same manner as in Example 48, Section 1. Briefly, a puromycin resistance cassette PGKPuro 
was cut out from PGKPuro plasmid DNA (Watanabe et ai., Biochem. Biophys. Res. Commun. 213:130-137 (1995); 
released from Peter W. Laird, Whitehead Institute for Biochemical Research and Massachusetts Institute of Technology, 
Dept. of Biology, Cambridge, MA) using restriction enzyme Sali and then blunted. PGKPuro was inserted into the Smal 
and EcoRV restriction sites of a LoxP-sequence containing plasmid to produce plasmid pLoxP-PGKPuro (Fig. 30). 
Further, a DNA fragment comprising a genomic DNA constant region containing the mouse antibody light-chain k J 
region and constant region was replaced with the LoxP-PGKPuro gene in the same manner as in Example 48 (Fig. 31 ). 

Example 77 

Production of an antibody light-chain gene both alleles-disrupted strain from antibody light-chaindeficient-heterozygote 
(and antibody heavy-chain-deficient-homozygote) mouse ES cells 

(1) A puromycin resistance gene was inserted into the antibody light-chain deficient-heterozygote TT2F clone (HD43) 
obtained in Example 58 to give a strain in which both alleles of a light-chain gene were disrupted. 

[0323] The antibody light-chain targeting vector prepared in Example 76 was linearized with restriction enzyme Kpnl 
to transform HD43 clone in the same manner as in Example 58. The resultant transformants were subjected to selective 
culture at a puromycin concentration of 0.75 u.g/ml. At day 7-9 of the cultivation, colonies formed were picked up. A 
part of these colonies was stored frozen, and the remaining part was used to prepare genomic DNA in the same manner 
as in Example 49. Genomic DNAs from the puromycin resistant strains were digested with restriction enzyme EcoRi 
(Takara Shuzo), separated by agarose gel electrophoresis and subjected to Southern blot analysis to detect homolo- 
gous recombinants using the probe described in Example 48, Section 4 (see Examples 58 and 59). As a result, 4 
clones in which both alleles of an antibody light-chain were disrupted were obtained from the 74 clones analyzed. 
Under usual culture conditions, no changes in growth rate and morphology were observed in these clones, as compared 
to the TT2F clone before gene disruption. This suggests that the clones under consideration retain the ability to produce 
chimera. 

(2) Production of chimeric mice from the antibody heavy-chain-deficient-homozygote and antibody light-chain gene 
both alleles-disrupted clone 

[0324] Cells in the frozen stock of antibody light-chain gene both alleles-disrupted TT2F cell clone HD43P-10 from 
Example 77, Section 1 were thawed, started up for culture and injected into 8-cell stage embryos obtained by mating 
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male and female mice of ICR (CREA JAPAN, INC.); the injection rate was 1 0-12 cells per embryo. After the embryos 
were cultured overnight in the medium for ES cells (see Example 9) to develop into blastocysts, about 1 0 of the injected 
embryos were transplanted to each side of the uterus of foster mother ICR mice (CREA JAPAN, INC.; 2.5 days after 
pseudopregnant treatment). 

5 [0325] As a result of transplantation of a total of 161 injected embryos, 37 offspring mice were born. Chimerism in 
the offsprings can be determined by the extent of TT2 cell-derived agouti coat color (dark brown) in the host embryo 
(ICR)-derived albino coat color (white). Out of the 37 offsprings, 9 mice were recognized to have partial agouti coat 
color, indicating the contribution of the ES cells. Out of the 9 mice, four were chimeric mice in which more than 80% 
of their coat color was agouti (i.e. ES cell-derived). 

w [0326] From these results, it was confirmed that antibody light-chain both alleles-disrupted ES cell clone HD43P-1 0 
maintains a high ability to produce chimera. 

Example 78 

15 Removal of the G418 resistance and puromycin resistance marker genes from the antibody light-chain deftcient- 
homozygote (and antibody heavy-chain deficient- homozygote) TT2F cell clone 

[0327] From the antibody light-chain both alleles-disrupted HD43P-10 clone (puromycin resistant, G418 resistant) 
which was obtained and confirmed to have a high chimera-forming ability in Example 77, the puromycin resistance 

20 and G418 resistance marker genes were removed by the procedures described in Example 52. Briefly, an expression 
vector pBS185 (BRL) containing a Cre recombinase gene which causes a site-directed recombination between the 
LoxP sequences inserted at both ends of the G418 resistance marker gene was transferred into the clone described 
above in the same manner as in Example 52. The resultant puromycin (0.75 u.g/ml) sensitive clones (6 clones) were 
grown to confluence in 35 mm plates in the same manner as in Example 52. Three fifths (3/5) of the resultant culture 

25 were suspended in 0.5 ml of a preservation medium [ES medium + 10% DMSO (Sigma)] and stored frozen at -80°C. 
The remaining two fifth (2/5) were divided into two portions and inoculated into two 12-well gelatin-coated plates. Cells 
in one ptate were cultured in non-selective medium for 2 days. Cells in other plate were cultured in the presence of 
300 jig/ml of G418 for 2 days. As a result, 5 puromycin sensitive and G41 8 sensitive clones which would be killed in 
the presence of G418 were obtained. 

30 

Example 79 

Increase in the expression of human antibody k chain in sera as a result of mating a human chromosome #2 fragment- 
retaining mouse strain with C57BL/6 strain 

35 

[0328] The hereditary background of the progenies of the chimeric mice [hereinafter referred to as "F1 (chimera x 
MCH)°] which were described in Examples 43 and 44 and which retain a human chromosome #2 fragment (hereinafter 
referred to as "W23 fragmenf ) is that they are a mixture of TT2F cell (Example 39)-derived CBA mouse strain and 
C57BL/6 mouse strain, and MCH(ICR) mouse strain mated with the chimeric mice. In order to observe the behavior 

40 of W23 fragment under a hereditary background as homogeneous as possible, first, F1 (chimera x MCH) were back- 
crossed with MCH(ICR). The offspring mice obtained by the mating of F1 (chimera x MCH) (randomly selected 8 male 
and 6 female mice) X MCH(ICR) were examined as to whether they would retain W23 fragment in the same manner 
as in Example 43. As a result, it was confirmed that W23 fragment was transmitted through male to 8% of the offsprings 
(25 out of the 324 offsprings were positive) and through female to 22% of the offsprings (32 out of the 148 offsprings 

45 were positive). When the resultant F2(F1 x MCH) (randomly selected 8 male and 8 female mice) were further mated 
with MCH(ICR), the transmission ratio was 9% through male (30 out of the 346 offsprings were positive) and 24% 
through female (48 out of the 202 offsprings were positive). Thus, the results was similar to that obtained by the mating 
of F1 (chimera x MCH) x MCH(ICR). F3 (F2 x MCH) were obtained by the latter mating. 

[0329] The concentrations of human antibody k chain in the sera of 4-12-week old chimeric mice (Fig. 43, indicated 
so as "Chimera", 4 mice), F1 (chimera x MCH) (19 mice) , F2 (F1 x MCH) (39 mice) and F3 (F2 x MCH) (33 mice) were 
determined in the same manner as in Example 44. The results are shown in Fig. 43. Human antibody k chain was 
detected in all of the mice retaining W23 fragment. On the other hand, the k chain concentrations varied greatly in F2 
(F1 x MCH) and F3(F2 x MCH); the averaged values in these groups were lower than those in the chimeric mice and 
FI(chimeraxMCH). 

55 [0330] In order to examine the influence which would be caused by the mating with a strain other than MCH(ICR), 
the same F2(F1 x MCH) mice as used in the experiment of mating with MCH (ICR) were mated with C57BL/6N (pur- 
chased from CREA JAPAN, INC.). Concentrations of k chain were determined in the same manner on the resultant 
26 mice retaining W23 fragment [F3(F2 x C57BL/6)]. As a result, these mice exhibited k chain concentrations as high 
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as those in the chimeric mice and F1 (chimera x MCH) (Fig. 43). As described above, F3(F2 x MCH) and F3(F2 x 
C57BL/6) are derived from the same F2(F1 x MCH) mice as one of the parents. Therefore, it is believed that the 
difference between F3(F2 x MCH) and F3(F2 x C57BL/6) is in their hereditary background alone. Thus, it is indicated 
that difference in hereditary background inftuences the amount of expression of human antibody k chain. Further, it 
s has become clear that the hereditary background of C57BL/6 is more desirable than that of MCH(ICR) for efficient 
expression of human antibody k chain. From similar experiments, ft has been demonstrated that the hereditary back- 
ground of C3H HeN (purchased from CREA JAPAN, INC.) is comparable to or better than that of C57BLV6 for efficient 
expression of human antibody k chain. 

[0331] The following experiment was conducted to examine as to whether the influence of hereditary background 
10 on antibody k chain concentrations observed above is related to the ratio of chromosome retention (stability) at the 
level of individual mice. Briefly, metaphase chromosome samples were prepared from tail-derived fibroblasts and bone 
marrow cells of 2F-1 mouse (serum k chain concentration: 84 mg/l) and 1 F-3 mouse (serum k chain concentration: 13 
mg/1) in F1 (chimera x MCH) and subjected to FISH analysis (Tomizuka et al., Nature Genetics, vol 16, 133-143). The 
ratio of those metaphase spreads containing W23 fragment hybridizing to a human chromosome-specific probe to all 
is of the spreads observed was determined. It is believed that the resultant values represent the W23 fragment retention 
ratios in fibroblasts and bone marrow cells, respectively. As a result, with respect to 2F-1 , the retention ratio was 51% 
in fibroblasts and 34% in bone marrow cells; and with respect to 1 F-3, the retention ratio was 23% in fibroblasts and 
1 8% in bone marrow cells (more than 50 nuclear plate were measured for each case). These results suggest that the 
k chain concentrations in sera correlated to the ratios of retentions of W23 fragment in fibroblasts and bone marrow 
20 cells. In other words, it is very likely that hereditary background influences the stability of the transferred human chro- 
mosome fragment itself. Thus, it is believed that the hereditary background of C57BL;6 or C3H strain is desirable for 
efficient expression of a gene not only on the chromosome #2 fragment described herein but also on other chromosome 
fragments (e.g. chromosome #14 fragment). 

[0332] In order to verify the above conjecture, a male mouse #1 7-7 in F1 (chimera x MCH) which retains the human 
25 chromosome #14 fragment obtained in Example 68 (hereinafter referred to as M SC20 fragment") and which expresses 
a human antibody heavy-chain in the serum was mated with MCH(ICR) and C57BL/6. Of the resultant offsprings, two 
F2(F1 x MCH) mice and two F2(F1 x C57BL/6) mice, each retaining SC20 fragment, were subjected to determination 
of human antibody heavy-chain concentrations in the sera (see Example 68). Furthermore, metaphase chromosome 
samples were prepared from the tails of these mice and then the ratio of SC20 fragment retention was determined in 
30 the same manner as for W23 fragment. As a result, the human u. chain concentration was 11 .0 mg/l and 1 .1 mg/l and 
the chromosome retention ratio 74% and 54% in F2(F1 x MCH), whereas the human u. chain concentration was 47 
mg/l and 54 mg/l and the chromosome retention ratio 84% and 88% in F2(F1 x C57BU6). F2(F1 x C57BL76) mice 
exhibited higher values in both the human u. chain concentration and the chromosome retention ratio. Thus, it has 
become clear that the hereditary background of C57BI76 is desirable for stable retention of a transferred human chro- 
35 mosome and for efficient expression of a gene located thereon, as presumed from the results obtained on W23 frag- 
ment-retaining mice. 

Example 80 

40 Production of chimeric mice from an antibody heavy-chain-deficient and antibody k chain-homologous recombinant 
ES cell clone 

[0333] Cells in the frozen stock of antibody heavy-chain-deficient and antibody k chain-homologous recombinant ES 
cell clone HD43 from Example 58 were thawed, started up for culture and injected into 8-cell stage embryos obtained 
45 by mating male and female mice of ICR (CREA JAPAN, INC.); the injection rate was 10-12 cells per embryo. After the 
embryos were cultured overnight in the medium for ES cells (see Example 9) to develop into blastocysts, about 10 of 
the injected embryos were transplanted to each side of the uterus of foster mother ICR mice (CREA JAPAN, INC.; 2.5 
days after pseudopregnant treatment). 

[0334] As a result of transplantation of a total of 314 injected embryos, 51 offspring mice were born. Chimerism in 
50 the offsprings can be determined by the extent of TT2 cell-derived agouti coat color (dark brown) in the host embryo 
(ICR)-derived albino coat color (white). Out of the 51 offsprings, 26 mice were recognized to have partial agouti coat 
color, indicating the contribution of the ES cells. Out of the 26 mice, two were chimeric female mice in which 100% of 
their coat color was agouti (i.e. ES cell-derived). 

[0335] From these results, it was confirmed that antibody heavy-chain-deficient and antibody light-chain-homologous 
55 recombinant ES cell clone HD43 maintains the ability to produce chimera. In the female mice exhibiting 100% contri- 
bution, it is highly possible that the ES cells have been differentiated into functional germ cells (oocytes). 
[0336] Examination was made as to whether ES cell-derived offsprings would be produced by mating the above 
female chimeric mice (both having 100% chimerism in coat color) with male ICR mice. By this mating, offsprings with 
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agouti coat color should be produced from TT2F cell (agouti: dominant)-derived oocytes in the chimeric mice fertilized 
by male ICR mouse (albino: recessive)-derived sperms, and offsprings with albino coat color should be produced from 
ICR-derived oocytes. Actually, all of the viable offspring mice obtained by one mating for each female mouse exhibited 
ES cell-derived agouti coat color. Genomic DNAs were prepared from the tails of these offspring mice to examine the 
5 presence of an antibody k chain disrupted allele by Southern blot analysis (Example 58). As a result, mice having an 
antibody k chain disrupted allele were obtained. 

[0337] Twenty-seven offspring mice produced by the mating of the antibody light-chain deficient-heterozygote male 
and female mice were subjected to Southern blot analysis (Example 58). As a result, antibody light-chain wild-type 
alleles disappeared and only disrupted alleles were observed in 7 offspring mice. Hence, these mice were believed to 
10 be antibody light-chain-deficient homozygotes. Fig. 44 shows the results of detection and quantitative determination 
of mouse antibody k chain and X chain in the sera. 

[0338] In those mice which were judged to be antibody light-chain-deficient homozygotes by the S outhern blot anal- 
ysis (Nos. 4, 6, 14, 22, 24, 25 and 26 in Fig. 44), the concentrations of k chain are greatly reduced (the remaining k 
chain appears to be derived from their mother mice). Instead, the concentrations of A chain are greatly increased in 
is these mice. These results are consistent with the reported results of analysis of the antibody k chain knockout mouse 
(Yong-Rui Zou et al. t EMBO J. 12, 811-820 (1993)). 

[0339] Thus, an antibody k chain knockout mouse strain could be established from antibody k chain homologous 
recombinant ES cell clone HD43. 

20 Example 81 

Preparation of a targeting vector for inserting human telomere sequence into human chromosome #22 

[0340] Fragmentation of human chromosome #22 on which human antibody X chain gene (hereinafter referred to 
25 as "IgX gene") was located was attempted by inserting human telomere sequence by homologous recombination (J. 
E. Itzhaki et al., Nature Genet., 2, 283-287, 1 992), Specifically, a targeting vector for inserting human telomere sequence 
into the LIF locus located very close to Ig X gene (on the telomere side) was prepared. 

[0341] Human telomere sequence was synthesized by PCR according to the method of J. J. Harrington et al. (Nature 
Genet., 15, 345-355, 1997). The PCR product was purified by agarose gel electrophoresis and then blunted with DNA 

30 Blunting Kit (Takara Shuzo). The blunted PCR product was inserted into the Eco RV site of pBluescript SK ll(+) (Toyobo) 
by ligation using DNA Ligation Kit (Takara Shuzo) (pBS-TEL). This plasmid pBS-TEL was sequenced. As a result, it 
was found that the telomere sequence had been inserted in the following direction: Hind III - (TTAGGG)n - Eco Rl. 
[0342] Subsequently, the LIF gene region on human chromosome #22 to be used in the homologous recombination 
was amplified by PCR as described below, and then cloned into plasmid pBS-TEL. The sequences of the primers used 

35 in the PCR were as follows. 



Sense primer: 5 ' - TCGAACTAGTAGGAGAAGTGAACTTGAGGAGGC - 3 1 
<o (SEQ ID NO: 65) 



Antisense primer: 5 1 - TCG A AC TAGTG ATTCAGTGATGCTGTGCAGG - 3 1 
45 (SEQ ID NO: 66) 

[0343] The PCR reaction mixture was composed of 5 pj of 10 x LA PCR buffer II (Mg2+ free) (Takara Shuzo); 5 u,l 
of 25 mM MgCI2; 8 uJ of dNTP mixture (2.5 mM each) (Takara Shuzo); 10 pmol of sense primer; 10 pmol of antisense 

50 primer; 100 ng of template DNA (HFL1 , genomic DNA from primary culture human fibroblasts); 0.5 u.l of LA Taq (5 U/ 
uJ) (Takara Shuzo) and sterile distilled water to make a total volume of 50 All of the operations for preparing the 
reaction mixture were carried out on ice. Then, reaction tubes were placed in the well of a thermal cycler (PCR System 
9600, Perkin-Elmer) preset at 85°C. After the tubes were heated at 94°C for 1 minute, 35 cycles of reaction were 
carried out at 98 °C for 1 0 seconds and at 65 °C for 5 minutes. The PCR product was purified and then digested with 

55 Spe I (Spe I site was present in the primers), followed by insertion into the Spe I site in pBS-TEL. The plasmid in which 
the LIF gene had been inserted in a opposite direction of the human telomere sequence (TTAGGG)n was selected (M. 
Giovannini et al., Cytogenet Cell Genet 64, 240-244, 1993) (pBS-TELAIF). 

[0344] Subsequently, plasmid pGKpuro containing a puromycin resistance gene (S. Watanabe et al., Biochem. Bi- 
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ophys. Res. Comm., 213, 130-137, 1995) was digested with Eco Ri and blunted, followed by insertion of Not I linker. 
The puromycin resistance gene was cut out by digesting the resultant plasmid with Not I and then inserted into the Not 
I site of pBS-TELAlF. The plasmid in which the direction of transcription of the puromycin resistance gene was the 
same as that of the LIF gene was selected (pBS-TEL/LIFPuro, see Fig. 45). The resultant plasmid was amplified in E. 
coli DH5, purified with QUIAGEN column (Funakoshi) and used for transfection (as described later). 

Example 82 

Transfer of human chromosome. #22 into chicken DT40 cells 

[0345] Mouse A9 cells containing human chromosome #22 marked with a G418 resistance gene (Tomizuka et al. ( 
Nature Genet, vol 16, 133-143, 1997; hereinafter referred to as • , A9/#22neo tt ) were cultured in Dulbecco's modified 
Eagle's Minimal Essential Medium (hereinafter referred to as u DMEM n ) supplemented with 10% fetal bovine serum 
and G418 (800 u,g/ml). Chicken DT40 cells were cultured in DMEM supplemented with 10% FBS, 1% chicken serum 
and 1 0* 4 M 2-mercaptoethanol. 

[0346] Microcells were prepared as described below (for details, see Shimizu et al., "Cell Technology Handbook", 
published by Yodosha, p. 1 27-). 

A9/#22neo cells were cultured in twelve 25 cm 2 centrifuge flasks (Costar) until the cell concentration reached about 
90% saturation. Then, the medium was exchanged with a medium (DMEM + 20% FBS) supplemented with COLCEMID 
(0.07 u.g/ml; demecolcine, Wako Pure Chemical Industries, Inc.). 

The cells were cultured for another 2.5-3 days to form microcells. Thereafter, the culture solution was removed from 
the centrifuge flasks, into which a solution of cytochalasin B (10 u.g/ml, Sigma) prewarmed at 37 Q C was filled and 
centrifuged at 34 °C at 8000 rpm for 1 hour. The microcells were suspended in DMEM and purified by filtration with 
fitters. After the purification, the microcells were centrifuged at 1500 rpm for 10 minutes and then suspended in 5 ml 
of DMEM. DT40 cells (2x10 7 ) were centrifuged at 1000 rpm for 5 minutes, washed with DMEM twice and suspended 
in 5 ml of DMEM. The microcells prepared above were recentrifuged at 1500 rpm for 10 minutes and then, without 
removal of the supernatant, 5 ml of the previously prepared DT40 suspension was overlayered gently. After centrifu- 
gation at 1300 rpm for 5 minutes, the supernatant was removed. The celt pellet was suspended in 2 ml of PHA-P (100 
u.g/ml, DIFCO) and left to stand in an incubator at 37°C under 5% C02 for 15 minutes. Then, the suspension was 
centrifuged at 1700 rpm for 7 minutes. The supernatant was removed and the cell pellet was loosened by tapping. To 
the cell pellet, 1 ml of PEG1 500 (polyethylene glycol, Boehringer) was added gently and the pellet was treated for 1 .5-2 
minutes under agitation. After this treatment, 1 ml of DMEM was added over approximately 1 minute. Then, 3 ml of 
DMEM was added over approximately 2 minutes. Thereafter, DMEM was added to make a total volume of 11 ml and 
the resultant mixture was mixed gently. The mixture was left to stand for 10 minutes at room temperature and then 
centrifuged at 1300 rpm for 5 minutes. The supernatant was removed. The cells were suspended in 10 ml of the above- 
described culture medium and cultured in 0 100 mm plates for 24 hours. Twenty-four hours later, the medium was 
exchanged with one supplemented with G41 8 (1 mg/ml). The resultant culture was dispensed into three 24-well plates 
(Sumitomo Bakelite), followed by selective culture for about 2 weeks to isolate G418 resistant clones. 

(1) PCR analysis 

[0347] As a result of the selective culture, about thirty G418 resistant clones were obtained. Genomic DNAs were 
extracted from these clones using Puregene DNA Isolation Kit (Gentra System). Using the genomic DNA as a template, 
• PCR was performed with human Ig X gene-specific primers to identify clones having human chromosome #22 con- 
taining IgX gene. The IgX gene-specific primers used were as follows. 



5 1 - G AGAGTTG CAGAAGGGGTG AC T - 3 1 <SEQ ID NO: 67) 



5 f - GGAGACCACCAAACCCTCCAAA- 3 1 {SEQ ID NO: 68) 

[0348] The PCR reaction mixture was composed of 5 u.1 of 1 0 x Ex Taq buffer (Takara Shuzo); 8 pJ of dNTP mixture 
(2.5 mM each) (Takara Shuzo); 10 pmol of each primer; 100 ng of genomic DNA; 0.5 u.l of Ex Taq (5 U/uJ) fTakara 
Shuzo) and sterile distilled water to make a total volume of 50 ul All of the operations for preparing the reaction mixture 
were carried out on ice. Then, reaction tubes were placed in the well of a thermal cycler (PCR System 9600, Perkin- 
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Elmer) preset at 85 -C. After the tubes were heated at 94 "C for 1 minute, 35 cycles of reaction were earned out at 98 
°C for 10 seconds, at 56 -C for 30 seconds and at 72 'C tor 30 seconds. As a result, 2 clones having human g \ gene 
we e identified. The presence of polymorphic markers (D22S315. D22S280. D22S283 and D22S274; Polymorph* 
STS Primer Pair BIOS; J.E. Collins et al.. Nature 377 suppl.: 367, 1995) located on human chromosome #22 were 
detected in these clones by PCR (Fig. 46). The PCR conditions were the same as used for the detection of human Ig 
X aene Mark °V indicates that the marker was detected. Mark "x" indicates that the marker was not detected. The 
diaqram at the left side shows the location of each marker on chromosome #22 based on a physical map. From these 
results It was suggested that these 2 clones have a almost intact human chromosome #22. As to the other clones, 
although human Ig X gene was not detected, some of the polymorphic markers on chromosome #22 desenbed above 
were detected. 

(2) FISH analysis 

r03491 One of the above 2 clones (clone No. 52-1 8) was subjected to FISH analysis to examine how the human 
chromosome #22 actually existed in cells. Basic operations such as preparation of chromosome samples, hybr.dKat.on 
and ~n were performed according to Tomizuka et al. (Nature Genet. 16. 133-143, 1997) As a probe, human 
COT-1 DNA (labeled with Rhodamine) was used. As a resutt of observation of 20-30 spreads, .t was confirmed that 
an almost intact human chromosome #22 was present independently (Fig. 50). Those stained in red are human chro- 

[u35°or Rom these results of analysis, it was thought that chicken DT40 cell clone 52-1 8 (hereinafter referred to as 
"DT40/#22neo") has intact human chromosome #22. 
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Example 83 

Targeted truncation of human chromosome #22 in chicken DT40 cells 

[0351] DT40/#22neo from Example 82 was transfected with plasmid pBS-TEL/LIFPuro prepared in Example 81 and 
an attempt was made to perform targeted truncation of the human chromosome #22 on the LIF locus 
r03521 DT40/#22neo cells were cultured under the same conditions as described in Example 82 .n the presence of 
G418 (1 mg/ml). 10? cells were washed with cold PPS once, suspended in 0.5 ml of PBS and placed on .ce. Then, 
25-30 ua of pBS-TEULIFPuro linearized with Eco Rl was added to the cells, mixed with a pipette, transferred into an 
electroporation cuvette (Bio-Rad) and left to stand in ice for 10 minutes. The cuvette was set in a gene pulser (Bio- 
Rad) and then a voftage of 550 V was applied at a capacitance of 25 uF. After the cuvette was ^ Jo *tend on .ce*>r 
10 minutes, the cells were transferred into 72 cm* culture flasks containing the above-de senbed medium a "d cultured 
or 24 hours. Twenty-four hours later, the medium was exchanged with a medium supplemented wrth G4 8 (1 mg/ml) 
and puromycin (0.3 ug/ml, Sigma). The resultant culture was dispensed into five to eight 96-well culture plates, followed 
by selective culture for about 2 weeks to isolate resistant clones. 

(1) PCR analysis 

r03531 As a result of the selective culture, about 80 resistant clones were obtained. Genomic DNAs were extracted 
rom these cells as described above and subjected to PCR to identify homologous recombinants .n wh.ch a human 
telomere sequence was integrated into the LIF locus. One of the primers was designed such that its sequence was 
complementary to a part of the LIF gene region which was not contained in the vector (see F.g. 47). The other pnmer 
^designed such that its sequence was complementa^ to a part of the puromycin resistance gene wh.ch was con- 
tained in the vector. The sequences of the primers are as follows. 



Puro.l: S ' - GAGCTGCAAGAACTCTTC 



CTCACG-3' . ( SEQ. ID. NO.: .6 9). 



LIF1: 5 1 - ATGACTCTAAGGCAGGAACATCTGTACC - 3 (SEQ ID NO: 
55 70) 

[0354] The PCR reaction mixture was composed of 5 ul of 10 x LA PCR buffer II (Mg^ free) (Takara Shuzo); 5 ul of 
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25 mM MgCI2; 8 ul of dNTP mixture (2.5 mM each) (Takara Shuzo); 10 pmol of each primer; 100 ng of template DMA; 
OsTo ^LATaq (5 U/ul) (Takara Shuzo) andsterile distnied water to make a total volume of 50 ul. All of the operattons 
for preparing the reaction mixture were carried out on ice. Then, reaction tubes were placed in the well of a thermal 
ZcZ TPCR System 9600. Perkin-Elmer) pre-set at 85 'C . After the tubes were heated at 94°C for 1 minute. 35 cycles 
TZd^vnL carried out at 98 °C for 10 seconds and at 65 'C for 10 minutes. A 6.3 kb PCR product as shown ,n 
Fig 47 should be detected onty in the homologous recombinants of interest. As a result of the PCR. this 6.3 kb band 
was detected in 8 clones (homologous recombination ratio: about 10%). When this PCR product was digested with 
Sail! * ^pattern was obtained in exactly the same way as expected. Thus, it was confirmed that these 8 clones were 

Sr°s"Vs^XThether or not the truncation occurred as expected in these 8 clones was examined by PCR 
detSon of the presence of genes (Ig K LIF. MB, IL2RB, CYP2D6, DIA1 , ECGF1 and ARSA; J E. Colhns et al Nature 
377^PP°367. 1995) and polymorphic markers (D22S315, D22S275. D22S280. D22S281. D22S277. D22S278. 
D22S283 D22S272. D22S2B2 and D22S274; J.E. Collins et al.. Nature 377 suppl.:367. 1995) on chromosome #22. 
10356] A part of the primer sequences used is as described below. The remaining primer sequences were the same 
as used by Tomizuka et al. (Nature Genet. 16, 133-143, 1997). The presence of LIF is evident from the experiment 
described above. 

Sense primer: 5 • - CTGCGTGTGTAATCGTGTCC • 3 ' (SEQ ID NO:71) 

Antisense primer: 5 • - TCTGCTGTGAGTGAACCTGC - 3 ' (SEQ ID 
NO: 72) 
ECGF1 

Sense primer: 5 • - AGGAGGCACCTTGGATAAGC - 3 • (SEQIDNO:73) 

Antisense primer: 5 ' - TCACTCTGACCCACGATACAGC - 3 • < SEQ ID 
NO : 7 4 ) 

[03571 The PCR reaction mixture was composed of 5 ul of 10 x Ex Taq buffer (Takara Shuzo); 8 ul of dNTP mixture 
2 5 mM each) (Takara Shuzo); 10 pmol of each primer; 100 ng of genomic DNA; 0.5 ul of Ex Taq (5 U ul) (Takara 
SuzTandsternedistilledwa^ 

were carried out on ice. Then, reaction tubes were placed in the well of a thermal cycler (PCR System 9600, Pe kin- 
Elmer) pre-set at 85 »C . After the tubes were heated at 94 »C for 1 minute. 35 cycles of reaction were earned out at 
98 «C for 1 0 seconds, at 56'C (65'C for CYP2D6 and ECGF1) for 30 seconds and at 72 «C for 30 seconds. The results 
are shown in Fig. 48. Marks » O" and -x" have the same meanings as described above. As is clear from this Figure, 
none of the genes and markers located on the telomere side of the LIF locus into which a human telomere sequence 
Had been integrated were detected in clones 67, 68. 328 and 343. It is suggested that truncat.on by the integration of 
a telomere sequence did occur as expected in at least those 4 clones. 

(2) FISH analysis 

[0358] Whether the human chromosome #22 had been actually truncated or not was examined by FISH analysis 
The experimental method was the same as described above. As probes, human COT1 DNA (labeled w,th Rhodamine) 
and plasmid pGKPuro (labeled with FfTC) were used. By COT1 staining, the human chromosome #22 can be visuaHy 
checked for truncation in comparison with DT40/#22neo having intact human chromosome #22. Furthermore, if the 
chromosome #22 is truncated as expected on the LIF locus into which the vector has been integrated a signal from 
the Puro probe should be detected at one end of the telomere of the chromosome #22 fragment. A part of the results 
is shown in Fig. 49. As a result of observation of 20-30 spreads for each clone, a small fragment of human chromosome 
#22 (red) having a Puro probe-derived signal (yellow green) at one end of the telomere was surpns.ngly observed in 
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all of the 8 homologous recombinant clones. As for clones 64, 212, 222 and 305 which were presumed not to have 
undergone truncation from the results of the PCR analysis, cells having intact chromosome #22 occupied about 10% 
of all cells. 

[0359] These experimental results show that homologous recombinants in which a human telomere sequence has 
5 been integrated into the LIF locus can be obtained at an efficiency of about 10% in chicken DT40/#22neo cells and 
that truncation of the human chromosome #22 has occurred at the integration site in all of the homologous recombinants 
(efficiency 100%). 

Example 84 

10 

[0360] Preparation of a complete human antibody-producing hybridoma from a chimeric mouse produced by trans- 
ferring an endogenous antibody heavy-chain and light-chain - deficient mouse ES cells, which retains partial fragments 
of human chromosomes 14 and 22, into an immunodeficient mouse host embryo 

15 (1) Preparation of anti-TNF-ot human IgM antibody 

[0361] The chimeric mouse CLH13-7 (derived from TT2FES clone LH13, 50% chimerism) as produced in Example 
67-(3) was immunized with human TNF-a, thereby producing hybridomas. Human Tumor Necrosis Factor-a (TNF-a, 
PEPRO TECH EC LTD., 300-01 A) dissolved in PBS was mixed with adjuvant (MPL+TDM Emulsion, RIBI Immunochem 

20 Research Inc., R-700) to prepare 0.025 mg/ml of a TNF-a solution. 0.2ml of TNF-a solution was used for immunization 
by intraperitoneal injection. Immunization has been performed for 70 days at an interval of 1 or 2 weeks. Two weeks 
after final immunization, the chimeric mouse was immunized with 0.2 ml of 0.025 mg/ml TNF-a dissolved in PBS. Three 
days after final immunization, the spleen was excised from the chimeric mouse, followed by cell fusion with PEG 
according to Example 24, thereby producing hybridomas. The fused cells were diluted to achieve 250 thousand spleen 

25 cells / ml in a medium (Sanko Junyaku Co., Ltd. S-Clone Cloning Medium CM-B) supplemented with 1 mg/ml G418, 
2 % fetal calf serum, and 5% HCF (Air Brown) . 100 uJ of the diluted cells was added to each well of a 96-well plate 
and cultured. On day 14 after culturing, colonies appeared in about 40% of the wells. The culture supernatant was 
analyzed by ELISA according to Example 14, followed by screening for a human antibody-producing hybridoma. TNF- 
a was diluted to 0.5 u,g/ml with carbonic acid buffer (Sigma, C-3041 ), and then dispensed, 50 u.l each well, into a 96-well 

30 plate (NUNC, 442404) for coating. Detection was made by TMBZ (DAKO, S1599) using biotin-labeled anti-human 
immunoglobulin X chain antibodies (Vector, BA-3070) and an ABC kit (Vector, PK4000). The results were determined 
using an absorbance as an index, approximately twice or more intense than the negative control. Cells in the positive 
wells were transferred into a 96-well plate, and then cultured using a medium containing IMDM supplemented with 1 
mg/ml G418 and 10% FBS. The culture supernatant was analyzed by ELISA. TNF-a was diluted to 0.5 ng/ml with 

35 carbonic acid buffer, and then dispensed 50 \l\ per well of a 96-well plate for coating. Detection was made by TMBZ 
using peroxidase-labeled anti-human immunoglobulin \l chain antibody (Biosorce, AHI0604). The results were deter- 
mined using an absorbance as an index, approximately twice or more intense than the negative control. The cells in 
two positive wells showing strong coloration were cloned by the limiting dilution method in the same manner as in 
Example 66, thereby obtaining hybridomas producing complete human antibodies that bind to TNF-a and have human 

40 igu. and IgX. 

(2) Preparation of anti-TNF-a human IgM antibody 

[0362] The chimeric mouse CLH1 3-1 3 (derived from TT2FES clone LH13, 50% chimerism) as produced in Example 
45 67-(3) was immunized with human TNF-a, thereby producing hybridomas. Human Tumor Necrosis Factor-a (TNF-a, 
PEPRO TECH EC LTD., 300-01 A) dissolved in PBS was mixed with adjuvant (MPL+TDM Emulsion, RIBI Immunochem 
Research Inc.) to prepare 0.025 mg/ml TNF-a solution. 0.2ml of the TNF-a solution was used for immunization by 5 
times intraperitoneal injection at 1 week interval. Two weeks after the fifth immunization, the TNF-a solution was used 
to boost the immunization. Two weeks after boosting, the chimeric mouse was immunized with 0.025 mg/ml TNF-a 
so solution dissolved in PBS. The blood was collected every week, and the anti-TNF-a human Ig-y concentration in serum 
was detected by ELISA according to Example 14. As shown in Fig. 50, an increased human lg? antibody titer against 
TNF-a was shown. Three days after final immunization, the spleen was excised from the chimeric mouse, followed by 
cell fusion with PEG according to Example 24, thereby producing hybridomas. The fused cells were diluted to achieve 
250 thousand spleen cells / ml in a medium (Sanko Junyaku Co., Ltd. S-Clone Cloning Medium CM-B) supplemented 
55 with 1 mg/ml G418, 2 % fetal calf serum, and 5% HCF (Air Brown). 50 u.t of the diluted cells was added to each well 
of a 96-well plate and cultured. On day 14 after culturing, colonies appeared in about 60% of wells. The culture super- 
natant was analyzed by ELISA according to Example 14 followed by screening for a human antibody-producing hybri- 
doma. TNF-a was diluted to 0.5 u.g/ml with carbonic acid buffer, and then dispensed, 50 \i\ per well, into a 96-well plate 
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for coating. Detection was performed by TMBZ using peroxidase-labeled anti-human immunoglobulin y chain antibody 
(Sigma, A-01 70). The results were determined using an absorbance as an index, approximately twice or more intense 
than the negative control. Cells in the positive wells were transferred into a 96-well plate, and then cultured in a medium 
containing IMDM supplemented with 1 mg/ml G418 and 10% FBS. The culture supernatant was analyzed by ELISA. 

5 TNF-a was diluted to 0.5 |ig/ml with carbonic acid buffer, and then dispensed, 100 uJ to each well of a 96-well plate 
for coating. Detection was made by TMBZ using peroxidase-labeled anti-human immunoglobulin X chain antibody 
(Southern Biotechnology Associates Inc., 2070-05). The results were determined using an absorbance as an index, 
approximately twice or more intense than the negative control. The presence of complete human antibodies containing 
human Ig-y and \gk was confirmed in two wells. 

10 The result suggests that in a chimeric mouse produced by transferring endogenous antibody heavy chain- and light 
chain-deficient mouse ES cells retaining partial fragments of human chromosomes 14 and 22 into a host embryo of 
an immunodeficient mouse, increases the antibody titer of antigen-specific human Igy against boosting with TNF-a 
antigen. Furthermore, it was confirmed that the hybridoma producing a complete human antibody IgM or IgG specific 
to TNF-a can be obtained from these chimeric mice. 

(3) Preparation of human IgM antibody against sugar chain antigen 

[0363] The chimeric mice CLH13-10 (derived from TT2FES clone LH13, 60% chimerism) and CLH13-18 (derived 
fromTT2FES clone LH13, 30% chimerism) produced in Example 67-(3) were immunized with ganglioside. An adjuvant 

20 (MPL + TDM Emulsion, RIBI Immunochem Research Inc., R-700) was dissolved in 2 ml of the mixture of chloroform 
and methanol (2:1). Iml of each solution was mixed with 1 mg of GM2 (Sigma, G8397) dissolved in 1 ml of a mixture 
of chloroform and methanol (2:1) or with 1 mg of ASIALO-GM1 (ISOSEPAB, 65/12). The mixture was transferred into 
a round-bottom flask, and then dried with a rotary evaporator. 1ml of PBS was added to each product, and then the 
solution was vigorously stirred using a Vortex mixer, thereby preparing a suspension. The suspension containing GM2 

25 and that containing ASIALO-GM1 were mixed in equal quantities. The chimeric mouse CLH13-18 was immunized 
intraperitonealy, and the chimeric mouse CLH13 - 10 was immunized subcutaneousiy, both with 0.2 ml of the mixture 
three times a week. The blood was collected every week, ELISA was performed according to Example 14, so that an 
increase in the antibody titer was confirmed. Ganglioside GM2 or ASIALO-GM1 was dissolved in ethanol to 6 u.g/ml, 
and then 50 u.l of each solution was dispensed into a ELISA plate. The solution was allowed to stand for 2 hours at 

30 room temperature, and then dried. A control was prepared by adding only ethanol (without ganglioside) to a plate. PBS 
supplemented with 2 % bovine serum albumin (BSA, Oriental yeast) was added 200 u.l/well, thereby blocking for 3 
hours at room temperature. The sera of the chimeric mice were diluted 1:100 with PBS supplemented with 4 % fetal 
bovine serum (FBS) after washing. The diluted sera were added 50 u.l/well t and then allowed to stand at 4 °C overnight. 
A peroxidase-labeled anti-human IgM antibody (Biosorce, AHI0604) was diluted with PBS supplemented with 0.1 % 

35 BSA after washing. Next the diluted chimeric mouse sera were added 50 jil/well and then allowed to stand overnight 
at room temperature. TMB was added to the product and reacted for 15 minutes. Then the reaction was stopped with 
1N sulfuric acid. Absorbance at 450 nm was measured. Then an increase in the antibody titer was determined by 
reducing abosorbance of a control well. Fig. 51 shows the results concerning anti-ASIALO GM1 human Igu, in sera of 
the chimeric mice CLH13-1 8; Figure 52 shows the results concerning anti-GM2 human Igu. in sera of the chimeric mice 

40 CLH13-10. AS shown in these figures, immunization with ganglioside resulted in the increased human Igu. antibody 
titer specific to the antigen. That is, immune response against the sugar chain antigen was confirmed in the human 
antibody-producing chimeric mice of the present invention. 

[0364] Three weeks after the third immunization, re-immunization was performed for boosting. Three days after final 
immunization, the spleen was excised from the chimeric mouse, followed by cell fusion with PEG according to Example 
45 24, thereby producing hybridomas. The human antibodies against the ganglioside GM2 or ASIALO-GM1 obtained in 
this manner are useful for. treatment of HIV or cancer, such as melanoma. 

Example 85 

so Production of mouse strains mainly producing the complete human antibody by mating (B) 

[0365] A male or female mouse, which retains SC20 fragment, and is homo- or heterozygous for heavy-chain -defi- 
ciency, and homo or heterozygous for k chain deficiency as produced according to Example 73, was mated with a 
male or female mouse, which retains W23 fragment, and is homo or heterozygous for heavy-chain deficiency, and 
55 homo- or heterozygous for k chain-deficiency as produced according to Example 73. This mating is expected to yield 
progeny mice (double Tc/KO), which can meet four conditions of retaining SC20 fragment and W23 fragment, and 
being homozygous for heavy-chain-deficiency and for x chain-deficiency. 
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(1) Analysis of single Tc/KO mice 

[03661 First, the following four types of analysis (A) to (D) were performed for a total of 189 offspring produced I by 
he mating above. A search was performed for a mouse (single Tc/KO). which meets onfy two of the above cond^ns 
etaTn?g no W23 fragment, and being heterozygous or wild type for k chain-deficiency). In s ^"f' v '^^'^.^* 
Dhocytes were developed by function of human heavy-chain introduced instead of mouse heavy-chain that had been 
deleted. In addition, most of the antibody molecules in sera were thought to contain human heavy-chain. 

(A) PCR was performed for DNA prepared from individual mouse to study the retention of SC20 fragment in the 
same manner as in Example 68-(4). SC20 fragment-specific D1 4S543 was used as a pnmer. 

(B) Southern blotting was performed to study endogenous heavy-chain defic.ency .n the same manner as in Ex- 

S^CRwas performed for DNA prepared from individual mouse to study the retention of W23 fragment in the 
same manner as in Example 1 . W23 fragment-specific D2S1331 (Tomizuka et el.. Nature Genets, 1997. supra) 

(oTsTuthem blotting was performed to study endogenous K-chain deficiency in the same manner as in Example 58. 

[03671 Twenty out of 1 89 offspring were determined as single Tc/KO mice by this analysis. 
0368 50 ul of blood was collected from the single Tc/KO mouse HK83 (5 months old) and then 2 u of 0.5 M l EDTA 
pH 8 0) was added to prevent the blood from clotting. The blood sample was transferred into a ce "t" ^°n tube 
Then 400 ul of sterile water was added to the tube. After 30 seconds. 2 x PBS containing 1 0 % fetal calf serum (FCS) 
was added to the solution, followed by centrifugation using a SEROMATIC-2 (KA2200. Kubota). After centrrfuga .on, 
The supemaint was removed, and then the precipitate was suspended in the remaining small amount of solution. 
Stain ng Sum (SM: 1 mM EDTA, 5 % FCS. PBS containing 0.05 % sodium azide) was added to the suspe = 
folTwed by recen trifugation. The precipitate was suspended in approximately 1 0 u. of the remaining SM after removal 
oV he supernatant. 1 5 of Fc-block (Pharmingen, 01241A, anti-mouse CD32/CD16) was added to the suspension and 
thrntheprdlwasallowedtostandonicetorl hour.Aftert hour, 1 ul of each PE-.abeled anti-mouse CD45R/B220 
Pharmingen Sl125A) and FITC-labe.ed anti-human IgM (Pharmingen, 08074D) was added, and then the product 
wasTwed lo stand for 1 hour. Thus stained cells were washed twice with SM as described above. Finally the ceHs 
were suspended in 200 ul of SM. thereby preparing stained samples of peripheral blood nuclear cells. Flow cytometry 
Tnafy s was made using a FACSvantage (Becton Dickinson). Figure 53 shows the resutts. B220 positive cells that 
fs lymphocytes were absent in mouse antibody heavy-chain-deficient (KO) mice (AH/AH in the figure); but in single 
Tc/KC mtee(AH/AH SC20 in the figure), the presence of a cell population of B lymphocytes which were posrtrve for 
^bZI^L, H chain (huTn the figure). That is, it was shown in single Tc/KO mice that introduction of SC20 
as fragment rescued the deficiency of B lymphocytes. u „ MO h ^b hi week-oldl HK45 

[03691 Blood was collected from 8 single Tc/KO mouse individuals. HK7 (18 week-old), ^ ^ w * J"^' J? 
13 week-old) HK47 (13 week-old). HK50 (13 week-old). HK61 (13 week-old), HK78 (17 week-old) and HK83 (17 
wee? old) The concentration of human u chain and of human y chain in sera were measured by ELISA as d^cnbed 
^Example 14. Mouse p chain was detected by the method shown in Example 75 and mouse y cha.n * toMto»w 
LttTod for the sera collected as control from four individuate (litters bom from the same mother as that of single Tc/ 
KO mice- 13 to 18 week-old) that were heterozygous for antibody heavy-chain deficency and heterozygous or wild 
type for antibody k chain deficiency (containing no human chromosomal fragment). ^^^ ncen ''|f ° . m .°|Jfg ^42801 
was determined by ELISA according to Example 14. Anti-mouse immunoglobulin y chain antibody (Sigma I4280 
Tuted wi^PBS were coated over a 96-well microliter plate. Then the serum samples dieted wKh PBS 
2 ne serum (FBS), and peroxidase -labeled anti-mouse immunoglobulin y chain antibodies (CaRag I, M30 07) were 
added 1" "de! to incubate' The plate was washed, and then TMBZ (SUMITOMO BAKELITE COMPJN^MTO. 
ML-1120T) was added as a peroxidase substrate, so that enzyme activity was evaluated with an absorbance at 450 
1 Thesis werecomparedwithmouseimmunog.obu.inlgG( 

concentration in its purified state and sequentially diluted with PBS containing FBS, so as to determine ^ ' ^ 

of mouse immunoglobulin in sera. Figure 54 shows the results. The mean value of the measurements for each Ig is 
a so sholn in this figure. The mean concentration of human u chain in single Tc/KO individuals was large than that 
o moused hain in antibody heavy-chain-deficient heterozygous indrviduals. Similarly, the co " ce « d f-^ 
chaTand of mouse y chain were measured for single Tc/KO individuals. No mouse u chain was detec ted (1 ug/m o 
tori In all the single Tc/KO mices; the mean concentration of mouse y chain was approximately one tenth of that of 
human y chain. These resurts suggested that in sera of single Tc/KO mice, most of antibody molecules contained 

S? ^he concentration of human y chain subclass in sera was measured for the serum samples from .four out of 
7 said single Tc/KO mice by ELISA as described in Example 29. Figure 55 shows the results. Fourtypes of hy subclass 
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were detected in all single Tc/KO mice. 

[03711 0.5 ml of adjuvant (TiterMaxGold, Cytex corporation, G-1) was mixed with 0.5 ml of human serum albumin 
(HSA, Sigma, A3782) which had been dissolved at the concentration ot 0.25 mg/ml in PBS. Two single Tc/KO mice, 
HK45(5 months old) and HK108 (3.5 months old), were immunized subcutaneously with 0.1 ml of the mixture. Blood 
was collected from these mice on day 0, 8, and 15 after immunization. The anti-HSA-human y chain antibody titer in 
sera was measured by ELISA as described in Example 21 . On day 15 after immunization of the two single Tc/KO mice 
(immunized with HSA), a significant increase in the anti-HSA-human y chain antibody titer was observed. Thus, it was 
shown that in the single Tc/KO mouse, antigen specific antibodies (in this case, consisting of human y chain and mouse 
k chain or mouse X chain) were produced against proteins derived from human for immunization. 

(2) Analysis of double Tc mice 

[0372] The following four types (A) to (D) of analysis were made for a total of 1 89 offspring bom. A search was done 
for mouse mice (double Tc), which meet at least conditions and express human heavy-chain and human k chain 
simultaneously. 

(A) To study the retention of SC20 fragment, PCR analysis was performed for DNA prepared from the individual 
mice with the same method as shown in Example 68-(4). The primer used herein was SC20-specific D14S543. 

(B) To study the retention of W23 fragment, PCR analysis was performed for DNA prepared from the individual 
mice with the same method as shown in Example 6B-(4). The primer used herein was W23 fragment-specific 
D2S1331 (Tomizuka et al., Nature Genetics, 1997, supra). 

(C) Blood was collected from 3 to 6 week-old mice to confirm the expression of human \i chain, and ELISA was 
performed according to the method shown in Example 68-(4). 

(D) Blood was collected from 3 to 6 week-old mice to confirm the expression of human k chain, and ELISA was 
performed according to the method shown in Example 20. 1 

[0373] Twenty out of 1 89 mice were positive in all of the four types of analysis, and determined to be double Tc mice. 
Hence, it was confirmed that SC20 and W23 fragments were simultaneously retained in an individual mouse and their 
functions were expressed simultaneously. 

(3) Analysis of double Tc/KO mice 

[0374] DNAs of 20 double Tc mice were subjected to Southern blotting as described in Examples 49 and 58 in order 
to analyze the state of mouse heavy-chain gene and mouse k chain gene deficiency. The results were 6 mice ho- 
mozygous for both antibody heavy^hain-deficiency and k chain deficiencies. Thus 6 mice were homozygous for mouse 
heavy-chain and k chain deficiencies and determined to be double Tc/KO mice. 

[0375] The peripheral blood nuclear cells prepared as described in Example 85-(1) from two double Tc/KO mice, 
HKD5 (9 week-old) and HK190 (6 week-old), were subjected to flow cytometry analysis according to Example 85-(1). 
Thus, in the two mice, the presence of B lymphocytes which were positive for B220 and for Hu. was confirmed. 
[0376] Blood was collected from three double Tc/KO mice, HK77 (17 week-old), HKD4 (6 week-old), and HKD5 (6 
week-old), and the concentrations of human u chain and of human ychain in sera were measured by ELISA as described 
in Example 14. The mean concentration of human \i chain in sera and of human y chain in sera from the 3 mice were 
360 mg/l and 201 mo/I, respectively. Both the concentrations of human u chain and of human y chain were almost 
equivalent to that of single Tc/Ko mice shown in Fig. 54. Furthermore, for HK190 (4 week-old) and HK192 (4 week- 
old) in addition to the above 3 mice, the concentration of human k chain in sera was detected as described in Example 
20 and the concentration of mouse X chain was detected in the method as described below. The concentration of 
mouse X chain was detected by ELISA according to Example 14. Anti-mouse immunoglobulin X chain antibodies (Calt- 
ag. M33600) diluted with PBS were coated over a 96-well microtiter plate, serum samples diluted with PBS containing 
fetal bovine serum (FBS), and then peroxidase-labeled anti-mouse immunoglobulin X chain antibodies (Caltag, 
M33607), were added to the plate for incubation. The plate was washed, and then TMBZ (SUMITOMO BAKELITE 
COMPANY LIMITED, ML-1 1 20T) was added as a peroxidase substrate to evaluate the enzyme activity with absorbance 
at 450 nm. The results were compared with that of IgG (Sigma, M6034), having a X chain with a known concentration 
in its purified state and sequentially diluted with PBS containing FBS, so as to determine the concentration of mouse 
immunoglobulin X chain in sera. Based on the results, first a proportion of the concentration of human k chain to the 
concentration of all light-chain (Human Kchain concentration + mouse X chain concentration) was obtained for individual 
mice. The mean value of 5 individuals was 60%. Therefore, it was shown that the complete human antibody molecule 
(human \l chain / k chain or human y chain / k chain) expressed dominantly over the hybrid antibody molecule (human 
u. chain / mouse X chain or human y chain / mouse X chain) in sera of these double Tc/KO mice. 
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[0377] Blood was collected Irom double Tc/KO mice HKD5 (6 week-old) and the concentration of h Y subclass in sera 
was measured by ELISA, similar to Example 85-(1). The results were human Y 1 cha.n: 1 41 mgA human Y 2 chaia 61 
rZ human y3 chain: 119 mg/l, and human Y 4 chain: 8.3 mg/l. AD lour types of human Y cha.n "^^r***; 
N3781 0 5 ml of adjuvant fTiterMaxGold, Cytex corporation, G-1) was mixed with 0.5 ml of human serum albumin 
HSA Siqma A3782 disso ved at a concentration of 0.25 mg/ml in PBS. Two double Tc/KO mice, HK77 (20 week- 
oW and HKD5 (10 week-old), were Immunized subcutaneous* with 0.1 m. of the mixture. Blood was collected from 
^ese mice on d ay 0 , 8. and 5 after immunization. The anti-HSA-human y chain antibody titer in sera was measured 
by a method similar to that of Example 21 , and the anti-HSA-human k chain antibody titer was measure ^^ 
des^Hbed in Example 23. The results are shown in figures 56 and 57. On day 15 after immunization of the two double 
Tc^C ^ mfce (fmmuLed with HSA) , a significant increase was observed in both the anti-HSA-human Y cha.n antibody 
™and the anU-HSA-human k chain anttoody titer. Thus, it was shown that in a double Tc/KO mouse^ the ^gen 
speX complete human antibody (in this case, containing human y chain and k chain) was produced against the 
proteins derived from human for immunization. 

(4) Analysis of double Tc/KO mice (X1 mutant) 

[0379] The mouse X chain gene was not disrupted in the double Tc/KO mouse (^ te J^!i?h;IISJ^aht X 
chain protein was still expressed in sera and the concentration thereof was approximate* 40% of th whole lg l.ght- 
chain To express human k chain more efficient*, it is required to inactivate the competitive mouse X chain gene _ 
S] The presence of mutant mice wherein expression of mouse X chain is approximate* "50* °f that ° norma 
rntee s known(Ju et al., J. Immunol., 136: 2684, 1986). Gene analysis of this mouse strain revealed that his was 
caused S tL presence of base substation in an lgX1 chain gene constant region (Ju et al.. supra . In 'act, almost 
noTchain accounting for 80 % or more of the concentration of the whole X chain (remaining A chains are X 2 cha n 
and 1 3 chain) was detected in sera of homozygous mutant mice (herein after referred to as X1 mutant) (J . e t aL, 
supra) Hence it is concluded that X 1 chain, the main constituent of mouse IgX chain, ,s inactivated in the M mutant. 
[038l ' Doub e Tc/KO mice (X1 mutant) can be obtained by mating Al mutant with double TcKO m,ce described in 
Example 85-(3). This mouse will show decreased expression of X chain in serum and 'greased expression of human 
fchXnsfead X1 mutants were isolated from ICR mice (purchased from CHARLES RIVER ^^^^ 
Ltheabove-mentionedmethod(Juetal..supra).TheisolatedX1mutantswerem 

obtainfng doubleTc/KO (X1 mutant)mice. Concentration of human k chain and of mouse X chain in sera of the rcsuKant 
double Tc/KO (X1 mutant) and of double Tc/KO (X1 mutant hetero or wild type) as a contro were measured _ (Exarnp e 
S"(3)) Based on these measurements, first, the percentage by human k chain concentration of who te lighten 
concentration was determined for each mouse. Next, the mean percentage of 5 mice was calculated for the two types 
dthe mouse strains above. The results were 93% for double Tc/KO (X1 mutant) and 63% for double Tc/KO (X1 mutant 
he te^ or w^ type) mice. Furthermore, the mean value of the whole light-chain concentration of 5 mice of each s rain 
was 558 ing/l for double Tc/KO (X1 mutant) and 525 mg/l for double Tc/KO (X1 mutant hetero or wild type) . That ,s. no 

sianificant difference was found between the two. T /i/ rt n<«,.,w\ 

rS These results suggested that the expression level of mouse X chain decreased ,n double Tc/KO (X mutant) 
Eat olhuman k chain increased as if it compensated for the decreased level. Therefore, the use of the XI mutant 
was show" to enable efficient expression of complete human antibody molecules consisting of human k chain and 
human heavy-chain. 

Example 86 Preparation of a HSA-specific human antibody-producing hybridoma from the double Tc/KO mice 

r03831 An anti-HSA human antibody-producing hybridoma was obtained from double Tc/KO mice HKD5, for which 
Kbo^Zr had increased against HSA immunization in Example 85. On day 30 after the initial ~at,on. 
?nalTmmu2zation was performed. 3 days later, hybridomas were produced by the method described ,n Example 24^ 
The supematants of approximate* 3300 wells, in which G418-resistant colonies had appeared, were ana* ed by 
EL^A (Examples 14 and 61). 11 wells were posttive for HSA-specific human u chain; 39 wells were positive for HSA- 
soecmc human Y chain. 14 wells out of 39 wells positive for anti-HSA human Y cha.n were positive for human k chain 
anate Jemainder was positive for mouse X chain, .n addition, no well was posttive for both types of .g light-cha.n at 
the same le These results suggested that the hybridoma producing HSA-specific compiete human ant.bod.es (con- 
sating of Y heavy-chain and k lignt-chain) was obtained from the double Tc/KO mice. Moreover, ELISA analysis was 
peSled to defect four types of human Y chain subclass according to Example 61-(4). 7 wells were posrtrve f or 2 
welsTositive lor and 5 wells posttfce for yA. Three typfca. clones of IgG* hybndoma ™ »»^J™»* 
diSon for subcloning, and then the supernatant was used for measuring affinity. Measurement of the afiinrj ^constant 
uSg surface plasmon resonance in BIAcore lollowed by calculation using an attached cateulat.on software resulted 
in 1! x IQiOto 6 6 x 1010 M -1. Thus, the anti-HSA human I 9 G/k antibody obtained from HKD5 was shown to have 
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high affinity to HSA. 

Example B7 Construction of cassette vectors ploxPHyg and ploxPbsr 

r0384] In the following Examples 87 to 1 03. production of human artificial chromosomes X-HAC and k-HAC, having 
human antibody X light-chain and human antibody k light-chain gene clusters cloned thereto, will be described. In 
addition introduction of each of the produced HAC into a mouse, expression of a human antibody gene contained in 
HAC in a mouse, and transfer of HAC to chimera mouse offspring. The outline of the system for producing HAC- 
introduced mouse disclosed herein is shown in Figs. 58 and 59. 

103851 Cassette vectors ploxPHyg and ploxPbsr were constructed as follows for insertion of a loxP sequence, a 
recognition sequence of Cre recombinant enzyme, onto a human chromosome. For positive selection of .cells carrying 
translocation as expected, the two cassette vectors were constructed such that the former contained PGK promoter 
and the latter contained GFP gene to be transcribed by this PGK promoter. 

First the construction of ploxPHyg will be described. A plasmid pBluescript II SK(-) (TOYOBO) was cleaved w.th a 
restriction enzyme EcoRV (Boehringer). The product was allowed to react for 30 minutes at 50 «C using dephospho- 
rvlase CIAP (alkaline dephosphorylase derived from the small intestine of a calf, TAKARA SHUZO CO.. LTD.), thereby 
dephosphorylating the cleaved ends. DNA fragments were excised from a plasmid pBS302 (GIBCO) using restnction 
enzvmes Spel and Hindlll (Boehringer) and then blunt-ended with a DNA blunting kit (TAKARA SHUZO CO.. LTD.). 
Then the DNA fragment was ligated using a DNA Ligation kit (TAKARA SHUZO CO.. LTD.). so that a competent cell 
DH5 (TOYOBO) was transformed, thereby obtaining a.plasmid P BS302HS. Blunt-ending, ligation and transformation 
were conducted following protocols attached to each kit. 

Next the plasmid was cleaved with a restriction enzyme Sail (Boehringer). and then dephosphorylated. To this plasmid 
PGK promoter fragments excised from a plasmid pGKPuro (WHITEHEAD INSTITUTE, distributed by Dr. Peter . W. 
Laird) with restriction enzymes Sail and Xhol (Boehringer) were cloned, thereby obtaining a plasmid pBSPGK302HS. 
The plasmid was cleaved with restriction enzymes EcoRI and Notl (Boehringer). blunt-ended, and dephosphorylated^ 
Then a Notl linker (TAKARA SHUZO CO.. LTD.) was ligated to the plasmid. thereby obtaining a plasmid 

On me^hef hand, a hyglomycin B-resistant gene cassette was excised from a plasmid #1 -1 33 (distributed by Shunichi 
Takeda Professor. Medical School, Kyoto University) with a restriction enzyme BamHI (Boehnnger), and then the ends 
were blunted. The plasmid pBSPGK302HSN was cleaved with a restriction enzyme Sail (Boehringer) and blunt-ended. 
Next the hvqromycin B-resistant gene cassette was cloned, thereby obtaining a plasmid ploxPHyg. 
Next constnjction of ploxPbsr will be described. First, Sf il linker was inserted into the Sad site of a plasmid pB uescnpt 
II SK(-) (TOYOBO) as described above. The Sfi linker had been prepared by synthesizing oligo DNA with the following 
sequence and phosphorylating the 5' end (synthesized by GREINER JAPAN). 
(Sfi linker) 



5'-GGCCGC [A/TJ GCGGCC-3 ' (SEQ ID NO: 75) 

The plasmid was cleaved with a restriction enzyme BamHI (Boehringer), and dephosphorylated. Then a DNA fragment 
excised from a plasmid pBS302 (GIBCO) with a restriction enzyme BamHI (Boehringer) was cloned, thereby obtaining 
a plasmid pBSSf K302B. A Spel linker (TAKARA SHUZO CO.. LTD.) was inserted Into the Clal site of a plasmid pGREEN 
LANTERN-1 (GIBCO) as described above. A GFP gene cassette fragment excised from a restriction enzyme Spel 
(Boehringer) was cloned into the plasmid P BSSfK302B that had been cleaved with Spel followed by dephosphorylation, 
thereby obtaining a plasmid P BSSfK302BGFP. This plasmid was cleaved with a restriction enzyme Xbal (Boehnnger) 
and blunt-ended. Then a DNA fragment (blastcidin S-resistant gene cassette) that had been cleaved with a restriction 
enzvme BamHI (Boehringer) from a plasmid #1 -134 (distributed by Shunichi Takeda. Professor, Medical School, Kyoto 
University) and blunt-ended was cloned, thereby obtaining ploxPbsr. Fig. 60 shows the structure of the cassette vectors 
ploxPHyg and of ploxPbsr. 

Example 88 Construction of targeting vectors pHCF2loxPHyg(F) and (R) 

[03861 Targeting vectors P HCF2loxPHyg(F) and (R) were constructed as follows for insertion of a loxP sequence 
into a HCF2 locus (closely linked to IgX region in the centromere side) on human chromosome #22. Forward (F) and 
reverse (R) targeting vectors were constructed because the transcriptional direction of HCF2 gene was unknown 
(whether it is Irom centromere to telomere or from telomere to centromere). First, the genomic region of the human 
HCF2 locus was amplified by PCR using the following primers: 
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HCF2 -F2K; 5 ' - T CGAGGTACCGTGAGAACAAGACAGAGAATGAGGGAGG - 3 ' 
(SEQ ID NO: 76) 

HCF2-R2K; 5 ' - TCGAGGTACCTAATGCAGAGGCTCTTTGGTGTACTTGG - 3 • 
( SEQ. ID NO : 77) 
PCR was performed using G eneAmp9600 ^"-^ 

the oppSite direction was designated as (R) lpHCF2loxPHyg(F) and (R). Figs. 61 and 62]. 
Example 89 Construction of a targeting vector pRNR2loxPbsr 

ro3871 A targeting vector P RNR2loxPbsr was constructed as follows for insertion of a loxP se ^« n ^ p 0 /_ R N"2 
Kin a numan chromosome #14. First, the genomic region of the human RNR2 locus was amphf.ed by PCR us.ng 
the following primers: 

RNR2 -F10E; 5 ' - TCGAGAATTCAGTAGCTGGCACTATCTTTTTGGCCATC - 
3' ( SEQ ID NO:78) 

RNR2 -R10E; 5 ' - TCGAG AATTCGG AGA AAG AAC ACACAAGG ACTCGGTC - 3 ' 

( SEQ ID NO: 79) 

PCR was performed using ^ 

C for ffsec and 68 "C for 15 min PCR products were treated with proteinase K (GIBCO) and then subjected 
? . f Htrntion wtth' a CH M ASP IN -TE400 (CLONTECH). Then the product was cleaved with a restncfon enzyme 
FcoR ^ .u52^ a CHROMA SPIN-TE1 000 (CLONTEC). On the other hand the Kpn. srte of 

dieted by c.eaving the site wKh a restriction enzyme Kpn. (Boeh nger ^ and «£ 
ligation. Then a Srfl linker was inserted into the Notl site to construct a plasm.d vector [pBS (K) Sri. I" addrt.on, ol.go 
DNA with the following sequence was used as the Srfl linker. 

Srfl linXer; 5 ' - GCCCGGGC - 3 ' ( SEQ ID NO: 80) 

Next a plasmid pRNR2 was constructed by Coning the PCR fragment of the above RNR2 gene into the EcoRI site of 
the plasmic ' ^ s (K)Sr]- ^ ^ gj|| ^ of ^ vector p|oxPbsr> a 
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of the cloned PCR fragment of the RNR2 gene was opposite to that of the loxP sequence was used as a targeting 
vector (pRNR2loxPbsr, Fig. 63). 

Example 90 Construction of a targeting vector pYHZloxPHyg 

[0388] A targeting vector pYHZloxPHyg was constructed as follows for insertion of a loxP sequence into the genomic 
region (located approximately 30 kb away from the igic region in the direction of the centromere side) cosYHZ304 
(obtained from Shimizu, Professor, School of Medicine, Keio University) on human chromosome #2. First, the human 
cos YHZ304 genomic region was amplified by PCR using the following primers: 

YHZ-F2B; 5 ' - TCGAGGATCCG ATAGAGAGATTGTCTTAAATGGGTGGG - 3 * 

(SEQ I D NO:8l) 

YHZ-R2B; 5 ' - TCG AGGATCC AACAGCTGGAACTCATAAAAGCATAGC - 3 ' 

( SEQ ID NO: 82) 

PCR was performed using GeneAmp9600 (Perkin-Elmer) as a thermal cycler, LATaq (TAKARA SHUZO CO., LTD.) 
as a Taq polymerase, and the attached buffer and dNTP (dATP, dCTP, dGTP and dTTP) following the recommended 
conditions PCR was performed for 35 cycles following thermal denaturation at 94 «C for 1 min. Each cycle consisted 
of 98°C for 10 sec, and 68°C for 15 min. PCR products were treated with proteinase K (GIBCO) and then subjected 
to qel filtration with a CHROMA SPIN-TE400 (CLONTECH), Then the product was cleaved with a restriction enzyme 
BamHI (Boehringer) and subjected to gel filtration using a CHROMA SPIN-TE1000 (CLONTEC). Moreover, the Notl 
site of the plasmid pBluescriptll was deleted by cleaving the site with a restriction enzyme Notl (Boehringer), blunting 
and self-ligation Then a Srfl linker was inserted into the Sacll site, so as to construct a plasmid vector [pBS(N)Sr]. A 
plasmid pYHZ was constructed by cloning the PCR fragment of the above cosYHZ304 genomic region into the BamHI 
site of the plasmid [pBS(N)Sr]. The plasmid pYHZ was cleaved with a restriction enzyme Tth111 1 (TAKARA SHUZO 
CO LTD ) and blunted. Then a Notl linker (TAKARA SHUZO CO., LTD.) was inserted into the product, thereby obtaining 
pYHZN In addition, Furthermore, a Notl linker (TAKARA SHUZO CO., LTD.) was inserted into the Kpnl site of the 
cassette vector ploxPHyg, a DNA fragment containing a loxP sequence was cleaved with a restriction enzyme Notl 
(Boehringer), and then the resultant fragment was cloned into the Notl site of the plasmid pYHZN. The direction of the 
cosYHZ304 sequence is known to be from telomere to centromere according to Shimizu, Professor, School of Medicine, 
Keio University. Thus, the product wherein the direction of the cloned PCR fragment of the cosYHZ304 genome was 
opposite to that of the loxP sequence was used as a targeting vector (pYHZloxPHyg, Fig. 64). 

40 Example 91 Construction of a cassette vector pTELPuro 

[03891 A cassette vector pTELPuro was constructed as follows for insertion of a human telomere sequence onto a 
human chromosome. The human telomere sequence was synthesized by PCR according to J. J. Harrington et al. (Na- 
ture Genet 15 345-355, 1997) and then cloned into the EcoRV site of a plasmid pBluescript II SK(-) (TOYOBO), 
45 thereby obtaining a plasmid pTEL After the EcoRI site of a plasmid pGKPuro (distributed by WHITEHEAD INSTITUTE, 
Dr Peter W Laird) was changed to the Notl site, the DNA fragment (puromycin-resistant gene cassette) cleaved with 
a restriction enzyme Notl (Boehringer) was cloned into the Notl site of the plasmid pTEL, thereby obtaining a cassette 
vector pTELPuro (Fig. 65). 

so Example 92 Construction of targeting vectors pTELPuroCDBA(F) and (R) 

[0390] Targeting vectors pTELPuroCDSA (F) and (R) were constructed as follows for insertion of a human telomere 
sequence into a CD8A locus (closely linked to the Igic region in the telomere side) on human chromosome #2. Forward 
(F) and reverse (R) targeting vectors were constructed because the transcriptional direction of the CD8A gene had 
55 been unknown (whether it is from centromere to telomere or from telomere to centromere). First, the genomic region 
of the human CD8A locus was amplified by PCR using the following primers: 
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CD 8A - F ; 5 ' - TCGAGGATCCCTTTAGTGAAGGCAAAGGAAGGGACACTC - 3 • 

( SEQ ID NO: 83) 
CD8A-R; 5 ' - TCGAGGATCCTGTAAAGGGGTAGCCTGTCCTCTTTCATG - 3 ' 

( SEQ ID NO:84) 

of 98 -C for 10 ^rSS^mt^SSS^r^ the product was cleaved with a restriction enzyme 

was opposS to the cloned CD8A genomic fragment as (R) [ P TELPuroCD8A(F) and (R), F,gs. 66 and 67]. 
Example 93 Site-directed insertion of a loxPHyg cassette onto human chromosome #22 in a chicken DT-40 cel. 

fragment in which telomere-directed truncation occurred at the LIF locus (Kuroiwa et «., iNuciec 

serum (GIBCO, here.n after referred to as FBS) 1 k chicken^ ^JJJ D ^ and suspended ln 0 .5 ml of an 

protocol). 

HCF2-F4; 5 • - C AC ATG AC A AG AGCT C AGCG - 3 ' ( SEQ ID KO:85) 

HCF2-R4; 5 ' - TCTGACTTCCTCATG AGAGCC - 3 ' (SEQ ID NO:86) 

PC R was performed using G eneAmp9600 

^^^^^^^^^ 
98°C for 10 sec, 65 C tor 3U sec, ana » the homologous recombinant. 

tnan20 to bandwasde^ 

For the targeting vector P HCF2loxPHyg(R), a band no1 J^.na southern hybridization results 
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„f ore for 10 sec and 68'C for 10 min. Hence, PCR products were amplified as expected in 2 out of 9£ .clones for 

[oS^Next. PCR and FISH anaryslswere performed to confirm cleavage of chromosome #2 occurred at the CD8A 
5 locus in the homologous recombinants. CD and CR clones. 

(1) PCR analysis 

ro39B1 The oresence of the gene and polymorphic markers on chromosome #2 (Fig. 68) was d etected by PC R using 
EL^gpTme^ 
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were manufactured by BIOS 
Vk3 detection primers 

VK3-F; 5 ' - CTCTCCTGCAGGGCC AGTC A - 3 ' {SEQ ID NO:93) 

VK3-R; 5 ' - TGCTGATGGTGAGAGTGAACTC - 3 M SEQ ID NO: 94) 
Ck detection primers 

CK-F; 5 * -TGGAAGGTGGATAACGCCCT- 3 • (SEQ ID NO: 9 5) 

CK-R; 5 ' - TCATTCTCCTCCAACATTAGC A - 3 ' (SEQ ID NO: 96) 

PCR was performed using GeneAmp9600 (Perkin-Elmer) as a thermal cycler, Ex Taq (TAKARA SHUZO CO LTD.) 
L DotmeTase and the attached buffer and dNTP (dATP. dCTP, dGTP and dTTP) followmg the recommended 
Ldlfon PC TwasVerformed for 35 cycles following thermal denaturation at 94 »C for 1 min. Each cycle cons.s ed 
oTS C foM 0 sec an £2rC for 30 sec, and 72 «C for 30 sec. Fig. 68 shows the result. All markers were detected 
in the chicken DT-4^cell clones 521 D4 retaining the full length human chromosome #2, whereas all the ma 

beyond CD8A disappeared in the homologous recombinant CD clone. Furthermore in the homol- 
ogous recombinant CR clone, all markers were detected. 

(2) FISH analysis 

rn-wo. To visually determine that human chromosome #2 was cleaved at the CD8A locus, FISH was performed using 
Kp Jo The capable^detecting a puromycin-resistant gene in a targeting vector (Fig. 69), accordmg to Kuro.wa 
I'SJS^SKi Research »: 3447-3448, 1998). COT1 staining (labeled wfth rhodamm. 
1 chromosome #2 was fragmented in the CD clone (CD10) compared to 521D4. Furthermore, the .«n.l ( abeed 
wfth ve°tow) derived from the pGKPuro probe was detected on the one end of the telomere, suggesting that the 
SeT^SSJn. targeting vector had been inserted, is the one end of the telomere of the chromosome « 
Sagmeni ^ In the CR Cone, the signal derived from the pGKPuro probe was detected at 2p12. suggest.ng that no 

EKTtoSS^ the human chromosome «2 was cleaved at the CD8A locus In ^""^S^ 
CD clone In addition, no fragmentation in the CR clone suggests that the transcr.pt.onal direction of the XD8A gene 
I ^rcentromere to telomere. As described above, telomere-directed truncation in e.ther d.rect.on can be appl.ed to 
determine an unknown transcriptional direction tor a locus. 

Example 96 Site-directed insertion of a loxPHyg cassette onto human chromosome #2 in a chicken DT-40 cell 

rnaon insertion of the loxPHyg cassette at the cosYHZ304 genomic region was attempted by transfecting the tar- 
aX' veSo pYHzLxPHyg con tructed as in Example 90 into the chicken DT40 cell CD clone retain^ the human 
oh omosle ^ fragment ' which telomere-directed truncation occurred at the CD8A locus obta.ned ,n Examp.e 95 



above. 
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10 



and 28 out of 60 clones were the target homologous recombinants in (Recalled HF and HR clone, respectively). 
Example 94 Site-directed insertion of a loxPbsr cassette onto human chromosome #1 4 in a chicken DT-40 cell 
ro 3 931 Insertion of the loxPbsr cassette to the RNR2 locus was attempted by transfecting the targeting vector 

mUSSH extracted fromihe resistant clones, and then the homologous recomb.nants were .dentrf.ed by PGR us.ng 
the following primers (Fig. 63). 

RNR2-1; 5' -TGGATGTATCCTGTCAAGAGACC-3' (SEQ ID NO:87) 



20 



25 



30 



35 



STOP-3; 5' - CAGACACTCTATGCCTGTGTGG - 3 ' {SEQ IP NO:88) 

8 out of 60 clones. That is. the homologous recombinant was obtained (called R clone). 
Example 95 Site-directed cleavage of human chromosome #2 in a chicken DT-40 cell 

r03951 Cleavage of chromosome #2 at an insertion site was attempted by transfecting the t"^^" 

by PCR using the following primers (Figs. 66 and 67). 
For the targeting vector pTELPuroCD8A(F) 



40 



CD 



8A-3; 5' -GCCCTCATGGAAATCTCCTGGG-3 ' (SEQ ID NO:89) 



45 CDP 



uro-1; 5 ' - GCAGCAACAGATGGAAGGCCTC - 3 ' (SEQ ID NO:90) 



50 
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For the targeting vector pTELPuroCD8A(R) 

CD8A-2: 5' - G A AC AGAAAGCC ACTCTTGCTTT C C AT - 3 ' (SEQ ID NO: 91) 



CDPuro 



2; 5' - ACCGAGCTGC AAGAACTCTTCCTCAC - 3 ' (SEQ ID NO:92) 



PCR was performed using GeneAm P 9600 (Perxin-Elmer) as a thermal cycler, LA Taq (TAKARA SHUZO CO LTD.) 
L ^Taq poSeTase. and the attached buffer and dNTP (dATP, dCTP. dGTP and dTTP) ollowmg the recommenced 
condlbns S was performed for 35 cycles following thermal denaturation at 94'C for 1 m,n. Each cycle cons.sted 
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[0402] As described above, the targeting vector pYHZloxPHyg linearized with a restriction enzyme Srfl (TOYOBO) 
was transfected, followed by selection culture for about 2 weeks in the presence of hygromycin B (1 mg/ml). Genome 
DNAs were extracted from the resistant clones, and then the homologous recombinants were identified by PCR using 
the following primers (Fig. 64). 

YHZ-2; 5 ' - TCCTCTTTTTCCTTCCTTTGCCTC - 3 ' (SEQ ID NO:97) 



Yhyg-2; 5 ' - ATTATTTTGGGCGTTGCGTGG - 3 ' (SEQ ID NO:98) 

PCR was performed using GeneAmp9600 (Perkin-Elmer) as a thermal cycler, LA Taq (TAKARA SHUZO CO., LTD.) 
as a Taq polymerase, and the attached buffer and dNTP (dATP, dCTP, dGTP and dTTP) following the recommended 
conditions. PCR was performed for 35 cycles following thermal denaturation at 94 °C for 1 min. Each cycle consisted 
of 98 °C for 1 0 sec, and 65 °C for 5 min. The homologous recombinant (called Y clone) can be identified by this analysis. 

Example 97 Construction of a human artificial X-HAC having both a human antibody heavy-chain gene cluster and a 
X light-chain gene cluster 

[0403] To express a complete human antibody stably and efficiently in a mouse as described in the general descrip- 
tion, construction of a human artificial chromosome X-HAC having both a human antibody heavy-chain gene cluster 
and a X light-chain gene cluster was attempted by translocating of a human chromosome #22 fragment consisting of 
HCF2-lgX-LIF, to the RNR2 locus on a human chromosome #14 fragment SC20 containing human IgH. 
[0404] First,' a DT40 hybrid cell retaining both the human chromosome #22 fragment and the chromosome #14 
fragment SC20 was constructed by cell fusion of the homologous recombinants HF and HR clones obtained in Exam- 
ples 93 and 94 above with the homologous recombinant R clone. 

(1 ) Construction of a DT40 hybrid cell retaining both the human chromosome #22 fragment and the chromosome #1 4 
fragment SC20. 

[0405] The R clone was cultured in a RPMI1 640 medium containing blastcidin S (1 0 ng/ml) and HF clone in the same 
medium containing hygromycin B (1 mg/ml). The two types of clones (1-2 x 10* clones) were mixed, subjected to 
centrifugation, and washed twice with a serum-free RPMI1640 medium. After complete removal of the remaining me- 
dium, 0.5 ml of 50% PEG 1 500 (Boehringer) kept at 37 °C was added gently to the product, followed by vigorous mixing 
for approximately 2 minutes with a pipette. To the mixture, 1 ml of a serum-free RPMI1640 medium was added slowly 
for 1 minute, and then 9 ml of a serum-free RPMI1 640 medium was added slowly for 3 minutes. Then the mixture was 
allowed to stand for 10 minutes at 37 °C . Subsequently, the mixture was centrifuged at 1200 rpm for 5 minutes, and 
cultured in an RPMI1 640 medium containing serum for 24 to 48 hours. Then the medium was replaced by an RPMI1640 
medium containing blastcidin S (10 ug/ml) and hygromycin B (1 mg/ml), dispensed into five 24-weli culture plates, and 
then cultured for 3 to 4 weeks. Similarly, the HR and R clones were fused (cell fusion). Genome DNAs were extracted 
from a hybrid cell (called RHF clone) obtained from cell fusion of the HF and R clones and a hybrid cell (called RHR 
clone) obtained from the HR and R clones. PCR was performed using the following primers, confirming retention of 
two chromosomes, human chromosomes 14 and 22. 
Human chromosome #14 detection primers 

VH3-F; 5 ' - AGTGAG ATA AGCAGTGGATG - 3 ' (SEQ ID NO : 9 9 ) 



VH3-R; 5 ' - GTTGTGC TACT CCCATC ACT - 3 ' ( SEQ ID NO:100) 

Human chromosome #22 detection primers 



100 



EP 1 106 061 A1 



IgX-F; 5 ' - GAGAGTTGC AG AAGGGGTGACT - 3 ' (SEQ ID NO:l01) 

IgX-R; 5 ' - GGAGACCACCAAACCCTCCAAA - 3 ' (SEQ ID NO:l02) 

PCR was performed using GeneAmp9600 (Perkin-Elmer) as a thermal cycler, Ex Taq (TAKARA SHUZO CO., LTD.) 
as a Taq polymerase, and the attached buffer and dNTP (dATP, dCTP, dGTP and dTTP) following the recommended 
conditions. PCR was performed tor 35 cycles following thermal denaturation at 94°C for 1 min. Each cycle consisted 
of 98°C for 1 0 sec, 56°C for 30 sec, and 72°C for 30 sec. PCR showed that 6 clones of the RHF clones and 2 clones 
of the RHR clones were positive for both VH3 and IgX. In addition, FISH using a human COT1 DNA as a probe revealed 
that all of these clones retained two individual human chromosomes. The above results suggest that the RHF and 
RHR hybrid clones retain two chromosomes, human chromosomes 14 and 22. 

(2) Site-directed translocation of the human chromosome #22 fragment to the chromosome #14 fragment SC20 in the 
RHF and RHR hybrid clones 

(2)-1 Construction of a vector pBS185hisD stably expressing Cre recombinant enzyme 

[0406] As described in the general description, site-directed translocation of a human chromosome is performed 
using the Cre-loxP system. With this system, the recombination efficiency between non homologous chromosomes is 
expected to be very iow. Thus the following expression vector was constructed to express Cre enzyme stably, not 
transiently. 

[0407] The Cre recombinant enzyme expression vector pBS185 (GIBCO) was cleaved with a restnction enzyme 
EcoRI (Boehringer), followed by insertion of a Bglll linker, thereby obtaining pBS185Bg. A histidinol-resistant gene 
cassette was excised from a plasmid #1-132 (distributed by Shunichi Takeda, Professor, School of Medicine, Kyoto 
University) with a restriction enzyme BamHI (Boehringer), and then cloned into the Bglll site of the pBS185Bg, thereby 
obtaining a vector pBS1 85hisD (Fig. 70). 

(2)-2 Site-directed translocation of the human chromosome #22 fragment to the chromosome #14 fragment SC20 in 
the RHF and RHR hybrid clones using the Cre-loxP system. 

[0408] As described above, the Cre recombinant enzyme stable expression vector pBS185hisD linearized with a 
restriction enzyme Kpnl (Boehringer) was separately transfected to the RHF and RHR hybrid clones, and subjected 
to selection culture for approximately 2 weeks in the presence of histidinol (0.5 mg/ml). Subsequently, the resistant 
cell population was dispensed into four 6-well culture plates (24 pools). Two pools were randomly selected and cultured 
to approximately 10* cells. The cell pool was suspended in 4 ml of PBS (phosphoric acid buffer) supplemented with 
5% FBS and 1 u.g/ml propydium iodide(PI), and subjected to analysis with FACSVantage (Becton Dickinson). As de- 
scribed above since recombination (translocation) between loxPs results in reconstruction and expression of GFP 
gene cells carrying translocation can be detected by FACS. Sorting was repeated 4 times for the cell fraction suspected 
to be posltive for GFP. Culture was conducted after every sorting in a RPMI1640 medium containing hygromycin B (1 
mg/ml) in orderto remove the cells retaining acentric chromosomes as described below. As a result, GFP-positive cells 
could be concentrated with a purity of 98 - 99% from the RHF clone, however, none could be concentrated from the 
RHR clone. It was suggested that the directions of two loxPs were the same as each other in the RHF clone (from 
centromere to telomere) as shown in Fig. 71 and that translocation resulted in a normal chromosomal structure. How- 
ever in the RHR clone, the directions of two loxPs differed from each other so that translocation resulted in a dicentric 
chromosome havingtwo centromeres and an acentric chromosome lacking a centromere. For example, this can cause 
no growth in the presence of hygromycin B. In other words, no cells can be concentrated. The results show the specificity 
of the experiment for translocation with this system. In addition, HCF2 gene is expected to be transcribed in the direction 
from centromere to telomere. 

[0409] Next, whether recombination occurred between loxPs as expected was confirmed by PCR for the two clones 
(called SF2-21 and SF2-23) cloned by FACS from RHF. Genome DNAs were extracted from the SF2-21 and SF2-23 
and PCR was performed using the following primers. 

PGK-1; 5 ' - ATAGCAGCTTTGCTCCTTCG - 3 ' (SEQ ID NO: 103) 
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GFP-1; 5 ' -TTCTCTCCTGCACATAGCCC-3 ' (SEQ ID NO: 104) 



5 PCR was performed using GeneAmp9600 (Perkin- Elmer) as a thermal cycler, EX Taq (TAXARA SHUZO CO., LTD.) 
as a Taq polymerase, and the attached buffer and dNTP (dATP, dCTP, dGTP and dTTP) following the recommended 
conditions. PCR was performed for 35 cycles following thermal denaturation at 94 °C for 1 min. Each cycle consisted 
of 98 W C for 1 0 sec, 61 °C for 30 sec and 72 °C for 1 min. As shown in Fig. 72, when the PCR with these primers yields 
a product of about 600 bp, this suggests that recombination occurred between loxPs. Fig. 73 shows the result. In the 

10 RHF clone to which no Cre recombinant enzyme stable expression vector was transfected, no PCR product was ob- 
tained, whereas in SF2-21 and SF2-23, a PCR product of approximately 600 bp was obtained. 
In addition, FISH was performed using a human 14q ter-specific probe (the long arm telomere region of human chro- 
mosome #14 was detected, FlTC-labeled) and a pGKPuro probe (the long arm telomere region of human chromosome 
#22 fragment was detected, Rhodamin-labeled). Thus, FITC and rhodamin signals were detected in the telomere 

15 regions on both ends of the same chromosome (Fig. 74). Another FISH using a human chromosome #14-specific 
probe (labeled with rhodamin) and human chromosome #22-specif ic probe (labeled with FITC) also resulted in detection 
of signals derived from the both probes on the same chromosome (Fig. 74). 

[0410] In conclusion, translocation occurred in SF2-21 and SF2-23 as expected and a human artificial chromosome 
X-HAC containing both the human heavy-chain gene cluster and the X light-chain gene cluster on the same chromosome 
20 was constructed. 

Example 98 Construction of a human artificial chromosome k-HAC containing both human antibody heavy-chain and 
k light-chain gene clusters 

25 [0411] A human artificial chromosome k-HAC containing both human antibody heavy-chain and k light-chain gene 
clusters can be constructed by translocation of the human chromosome #2 fragment consisting of cosYHZ304-lgic- 
CD8A to the RNR2 locus on the chromosome #14 fragment SC20 containing human IgH. 

[0412] First, a DT40 hybrid cell retaining both the human chromosome #2 fragment and the chromosome #14 frag- 
ment SC20 was constructed by cell fusion of the homologous recombinant Y clone obtained in Example 96 above with 
30 the homologous recombinant R clone. 

(1) Construction of a DT40 hybrid cell retaining both the human chromosome #2 fragment and the chromosome #14 
fragment SC20. 

35 [0413] The R clone was cultured in a RPMI1640 medium containing blastcidin S (10 ng/ml) and the Y clone in the 
same medium containing hygromycin B (1 mg/ml). The two types of clones (1-2 x 10 7 clones) were mixed, subjected 
to centrifugation, and washed twice with a serum-free RPMI1 640 medium. After complete removal of the remaining 
medium, 0.5 ml of 50% PEG 1500 (Boehringer) kept at 37 °C was added gently to the product, followed by vigorous 
mixing for approximately 2 minutes with a pipette. To the mixture, 1 ml of a serum-free RPMI1 640 medium was added 

40 slowly for 1 minute, and then 9 ml of a serum-free RPMI1640 medium was added slowly for 3 minutes. Then the mixture 
was allowed to stand for 10 minutes at 37 °C . Subsequently, the mixture was centrifuged at 1200 rpm for 5 minutes, 
and cultured in a RPMI1640 medium containing serum for 24 to 48 hours. Then the medium was replaced by a 
RPMI1640 medium containing blastcidin S (10 u,g/ml) and hygromycin B (1 mg/ml), dispensed into five 24-well culture 
plates, and then cultured for 3 to 4 weeks. Genome DNAs were extracted from the hybrid clones(called RY clone), and 

45. subjected to PCR using the following primers, thereby. confirming the retention of two chromosomes, human chromo- 
somes 14 and 2. 

Human chromosome #14 detection primers 



50 



55 



VH3-F; 5 ' - AGTGAGATAAGCAGTGGATG - 3 ' (SEQ ID NO: 105) 

VH3-R; 5 ' - GTTGTGCTACTC C CATCACT - 3 ' (SEQ ID NO:106) 

Human chromosome #2 detection primers 
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10 



15 



20 



CK-F; 5 ' -TGGAAGGTGGATAACGCCCT- 3 ' (SEQ ID NO:107) 



CK-R; 5 ' - TCATTCTCCTCCAACATTAGCA- 3 ' (SEQ ID NO:108) 

PCR was performed using GeneAmp9600 (Perkin-Elmer) as a thermal cycler, Ex Taq (TAKARA SHUZO CO., LTD.) 
as a Tag polymerase, and the attached butler and dNTP (dATP, dCTP. dGTP and dTTP) followmg the recommended 
cond tfons PCR was performed for 35 cycles following thermal denaturation at 94 «C for 1 min. Each cycle consisted 
o?98 •C for 10 sec, 56-60 -C for 30 sec, and 72 »C for 30 sec. Furthermore, FISH was performed using human COT1 
DNA as a probe to confirm that the two human chromosomes exist independently. The above results can confirm that 
the RY hybrid clone retains two chromosomes, human chromosomes 14 and 2. 

(2) Site-directed translocation of the human chromosome #2 fragment to the chromosome #1 4 fragment SC20 in the 
RY hybrid clone 

T04141 As described above, the Cre recombinant enzyme stable expression vector pBS1 85hisD linearized with a 
restriction enzyme Kpnl (Boehringer) was transfected to the RY hybrid clone, and subjected to selection culture for 
23S!?2 weeks in the presence of histidino. (0.5 mg/ml). Subsequent*, the resistant cel. populat.on was d.s- 
peS edTmo four 6-wel. culture p.ates (24 poois). Two poo.s were randomly selected -rf M<^ JJ° 
cells The cell pool was suspended in 4 ml of PBS (phosphoric acid buffer) supplemented with 5% FBS and 1 ug/m 
propydium iodide (PI), and subjected to analysis with FACSVantage (Becton Dickinson). Sorting was repeated several 
25 times for the cell fraction suspected to be positive for GFP. r-.oe^„ 
Sariy whether recombination occurs as expected between loxPs in RY-der^d clones to be cloned by FACS can 
tecSZti by PCR using PGK-1 and GFP-1 primers. This can also be confirmed by FISH using a human 14q ter- 
spe^Slbe Song arm telomere region of the human chromosome #14 is detected. FITC-labeled) and a pGKPuro 

so F SH us ng a human chromosome #14-specKic probe and a human chromosome #2-specific probe can also reach a 
conclusion that a human artificial chromosome k-HAC containing both the human heavy-chain gene cluster and the k 
light-chain gene cluster on the same chromosome is constructed. 

Example 99 Introduction of human artificial chromosomes A-H AC and k-HAC from a DT40 hybrid cell into a Chinese 
35 hamster CHO cell 

[0415] X-HAC and k-HAC were first introduced into a CHO cell by MMCT for the purpose of introducing X-HAC and 

k-HAC into a mouse ES cell. . , it „ 

r0416l SF2-21 and SF2-23 DT40 hybrid cells were separately cultured on 8 Petri dishes with a diameter of 150 mm 
When the cells reached a confluent state, the medium was exchanged with a RPMI1640 medium supplemented with 
20% FBS 1% chicken serum. 10-*M2-mercaptoethanol. 0.05 ug/ml colcemid. and cultured for another 36 hours to 
form a microcell. The cells were suspended in 24 ml of a serum-containing RPMI1640 medium, and dispensed 2 ml 
^ach of twelve 25 cm* centrifugation flasks precoated with 1 00 ug/ml pory L-lysin. Then the cells were cuftured for 
hour at 37'C allowing the cells to adhere to the bottom of the flasks. Following removal of the culture solution, 
cvtochalasin B (10 ug/ml, Sigma) solution kept at 37°C was added to a centrifugation flask, then subjected to centnf- 
STa 8000 rpmTor 1 hour at 34 »C . The microcell was suspended in a serum-free DMEM medium, and putted 
l a b um and 5 urn filters. Following purification, the product was centrifuged at 1700 rpm. for 10 minutes, and then 
^spended in 5 mtof a serum-free DMEM medium. On the other hand, approximately 10? CHO cells were removed 
bv trvpsinization. The cells were washed twice in a serum-free DMEM medium, and then suspended in 5 ml of a serum- 
50 free DMEM medium. Again, the microcell was centrifuged at 1700 rpm for 10 minutes. Without removing the superna- 
tant 6 ml of the CHO suspension was layered gently over the supernatant. Following centrifugation, the culture solution 
was removed 0.5 ml of 1:1.4 PEG solution [5 g of PEG1000 (Wako Pure Chemicals Co.. Ltd) and 1 ml of DMSO 
fSiama) were dissolved In 6 ml of DMEM] was added, followed by vigorous stirring with a pipette for approximate y 2 
minutes Subsequently. 10 ml of a serum-free DMEM medium was added gently to the mixture for about 3 minutes 
55 and allowed to stand for 1 0 minutes at 37°C. After centrifugation. the cells were suspended in a F12 rnedium (GIBCO) 
supplemented with 1 0% FBS, dispensed into ten 24-well culture plates, and cuftured for 24 hours at 37 C Then the 
medium was exchanged with a F12 medium containing 800 ug/ml G41 8, followed by selection culture for 3 to 4 weeks. 
[0417] Genome DNAs were extracted from the G4 18- resistant clones. Then the CHO clone retaining X-HAC was 
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identified by PCR in the conditions as described above using IgX and VH3 detection primers, PGK-1, and GFP-1 
primers (data not shown). Moreover, FISH was performed using human chromosome #14-specific and 22-specific 
probes for the clone, positive in the PCR above, thereby visually confirming the presence of X-HAC. These results 
suggested that a CHO clone retaining X-HAC was obtained. 
5 [0418] In exactly the same manner, CHO ceils retaining k-HAC can be cloned. 

Example 1 00 Introduction of X and k-HAC from a CHO cell into a mouse ES cell 

[0419] To produce a chimeric mouse retaining X and k-HAC, X and k-HAC retained in a CHO cell were introduced 

10 to a mouse ES cell by MMCT. 

[0420] According to Tomizuka et al's method (Nature Genet. 16: 133, 1997), a microcell was purified from the CHO 
cell retaining X and k-HAC of approximately 1 0 8 , then suspended in 5 ml of DMEM. Approximately 1 0 7 mouse ES cells, 
TT2F, were removed by trypsin treatment, washed three times with DMEM, and suspended in 5 ml of DMEM. Next the 
suspension was added to the centrifuged microcell, and subjected to centrifugation at 1250 rpmfor 10 minutes so as 

is to completely remove the supernatant. The precipitate was mixed well by tapping. Then 0.5 ml of 1 :1 .4 PEG solution 
[5g of PEG 1000 (Wako Pure Chemicals Co., Ltd) and 1 ml of DMSO (Sigma) were dissolved in 6 ml of DMEM] , 
followed by stirring well for approximately 1 .5 minutes. Subsequently 1 0 ml of DMEM was slowly added to the product. 
Then the product was centrifuged for 10 minutes at 1250 rpm, and suspended in 30 ml of an ES medium. The sus- 
pension was dispensed into 3 Petri dishes (CORNING) with a diameter of 1 00 mm containing feeder cells pre-inoculated 

20 therein for culturing. 24 hours later, the medium was exchanged with a medium containing 300 ng/ml G418, followed 
by selection culture for approximately 1 week. Genome DNAs were extracted from the drug-resistant colonies, and 
then PCR was performed in conditions as described above using IgX or Ck and VH3 detection primers. Furthermore, 
FISH was performed using probes specific to human chromosomes 14 and 22, or 2. In conclusion, the ES cell done 
retaining the target human artificial chromosomes X and k-HAC was obtained. 

25 

Example 101 Production of a chimeric mouse retaining human artificial chromosomes X and k-HAC 

[0421 ] A chimeric mouse was produced in the manner as described in Example 1 0 using the ES cell clone as obtained 
in Example 100 above. Possible hosts include ICR and MCH (CLEA JAPAN, INC.) or an embryo at the 8-cell cell stage 

so obtained by mating antibody heavy-chain knockout female and male mice as established in Example 67-(1). The coat 
color of the progeny mice born as a result of transplantation of the injected embryo into surrogate mice determines 
whether they are chimeric or not (Example 68-{3)). Chimeric mice can be obtained from the ES cell line retaining human 
artificial chromosome X-HAC or that retaining k-HAC. It is suggested that the ES cell line retaining human artificial 
chromosome X-HAC or that retaining k-HAC possesses chimera-forming ability, that is, retaining ability to differentiate 

35 into the normal tissue of a mouse. 

Example 1 02 Expression of a complete human antibody in a chimeric mouse retaining human artificial chromosomes 
X-HAC and k-HAC 

40 [0422] Retention of HAC by chimeric mice is as shown by PCR and FISH analysis (Examples 97 and 98) and the 
method (Tomizuka et al., Nature Genetics, 16, 133-143). The expression of complete human antibody molecules con- 
sisting of human IgX chain, human Ig heavy-chain and human IgX chain/heavy-chain in a chimeric mouse retaining X- 
HAC is confirmed by the method described in Example 65. Moreover, the expression of complete human antibody 
molecules consisting of human IgK chain, human Ig heavy-chain and human IgK chain/heavy chain in a chimeric mouse 

45 retaining k-HAC is also confirmed by the method described in Example 65. 

Example 1 03 Transfer of human artificial chromosomes X-HAC and k-HAC from the chimeric mice to its progeny 

[0423] Transfer of X-HAC and k - HAC from the chimeric mice to its progeny was examined by the method described 
so in Example 68-(4). As a result, the two mouse strains, retaining and transferring X-HAC and k-HAC, respectively to its 
progeny are established. The retention of HAC in these mice strains is shown by PCR and FISH analysis (Examples 
97 and 98) and the method (Tomizuka et al., Nature Genetics, 16, 133-143). In addition, the expression of complete 
human antibody molecules consisting of human IgX chain, human Ig heavy-chain and human IgX chain/heavy-chain 
in the mouse strain retaining and transferring X-HAC to its progeny is confirmed by the method as described in Example 
55 65. The expression of complete human antibody molecules consisting of human IgK chain, human Ig heavy-chain and 
human IgK chain/heavy-chain in the mouse strain retaining and transferring k-HAC to its progeny is confirmed by the 
method as described in Example 65. As described in Example 73, the mouse strain retaining and transferring X-HAC 
or k-HAC to its progeny is repeatedly mated with a mouse strain deficient in endogenous antibody heavy-chain and 
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light-chain k genes, whereby the mouse strains retaining A.-HAC or k-HAC and being homozygous for endogenous 
antibody heavy-chain gene and k chain gene deficiency can be obtained. Complete human antibodies are mainly 
produced in these mouse strains. 

[0424] Stable retention of each HAC is examined for the mouse strains retaining and transferring \-HAC or k-HAC 
5 to its progeny by the method described in Example 68-(5). The results show the stable retention of each HAC in the 
somatic cells of the mouse strains. 

Example 104 Introduction of the human chromosome #22 fragment in which telomere-directed truncation occurred 
at LIF locus into a Chinese hamster CHO cell 

10 

[0425] 

[0426] The human chromosome #22 fragment in which telomere-directed truncation occurred at LIF locus was in- 
troduced into CHO cells by MMCT for introduction of the fragment into mouse ES cells. 

[0427] The chicken DT-40 cell clones retaining the human chromosome #22 fragment in which telomere-directed 

*5 truncation had occurred at LIF locus were separately cultured on 8 Petri dishes with a diameter of 150 mm. When the 
cells reached a confluent state, the medium was exchanged by RPMI1640 media supplemented with 20% FBS, 1% 
chicken serum, 10* 4 M2-mercaptoethanol, and 0.05 u,g/ml cotcemid, and cultured for another 36 hours to form the 
microcell. The cells were suspended in 24 ml of a serum-containing RPMI1640 medium, and dispensed 2 ml into each 
of twelve 25 cm 2 centrif ugation flasks (CORNING) precoated with 1 00 u.g/ml poly L-lysin. Then the cells were cultured 

20 for 1 hour at 37°C for the cells to adhere to the bottom of the fiask. Following removal of the culture solution, a centrif- 
ugation flask was filled with cytochalasin B (1 0 u.g/ml, Sigma) solution kept at 37°C, and then subjected to centrif ugation 
at 8000 rpm for 1 hour at 34°C. The microcells were suspended in serum-free DMEM media, and purified with a 8 |im 
and 5 u,m filters. Following purification, the product was centrifuged at 1700 rpm, for 10 minutes, and then suspended 
in 5 ml of a serum-free DMEM medium. On the other hand, approximately 1 0 7 CHO cells were removed by trypsinization. 

25 The cells were washed twice in a serum-free DMEM medium, and then suspended in 5 ml of a serum-free DMEM 
medium. Again, the microcell was centrifuged at 1700 rpm for 10 minutes. Without removing the supernatant, 5 ml of 
the previously prepared CHO suspension was layered gently. Following centrifugation, the culture solution was re- 
moved, 0.5 ml of 1 :1 .4 PEG solution [5 g of PEG1000 (Wako Pure Chemicals Co., Ltd) and 1 ml of DMSO (Sigma) 
were dissolved in 6 ml of DMEM], followed by vigorous stirring with a pipette for approximately 2 minutes. Subsequently, 

30 1 0 ml of a serum-free DMEM medium was added gently to the mixture for about 3 minutes, and allowed to stand for 
1 0 minutes at 37 °C. After centrifugation, the cells were suspended in a F1 2 medium (GIBCO) supplemented with 1 0% 
FBS, dispensed into ten 24-well culture plates, and cultured for 24 hours at 37 °C . Then the medium was exchanged 
with a F1 2 medium containing 800 ng/ml G41 8, followed by selection culture for 3 to 4 weeks. 
[0428] Genome DNAs were extracted from the G418-resistant clones and subjected to PCR using IgX, D22S315, 

35 D22S272, D22S278 detection primers and Puro-1 and LIF-1 primers (Kuroiwa et al., Nucleic Acid Research, 26: 
3447-3448, 1998). Thus, two markers, D22S272 and D22S278 were not detected as expected, however, the other 
markers were all detected. In addition, FISH using human COT1 DNA and pGKPuro probes revealed that two human 
chromosome #22 fragments were retained and a signal derived from pGKPuro probe was observed on each of the 
one end of the telomere. Accordingly, it was concluded that the CHO cell clone retaining two individual human chro- 

40 mosome #22 fragments in which telomere-directed truncation had occurred at LIF locus was obtained. 

Example 105 

Introduction of human chromosome #22 fragment C68 into an endogenous antibody heavy-chain and k chain deficient 
45 mouse ES cell retaining human chromosome #14 fragment SC20 

[0429] The human chromosome #22 fragment C68 obtained in Example 83 was introduced by the microcell method 
into the mouse ES cell line HKD2-1 as produced by the method in Example 61 -(1) to be deficient in endogenous 
antibody heavy-chain and k chain and to retain the human chromosome #14 fragment SC20. Except the use of the 

50 CHO cell clone C68-6 retaining two human chromosome #22 fragments obtained in Example 104 as chromosome 
donor cells, the method described in Example 35 was employed. The resultant puromycin- and G418-resistant strain 
(double resistant strain) NLH (CHOI) was subjected to PCR analysis, confirming the retention of the introduced chro- 
mosomal fragments. Three types of primers, D14S543 (Example 68) for the chromosome #14 fragment, and IgA. and 
D22S315 for chromosome #22 (Example 2) were used in total. Thus, all three types of the markers were confirmed to 

55 . be present in the NLH(CH01) strain. In addition, FISH analysis was performed using a human chromosome-specific 
probe (Example 68). Microscopic study of 50 nuclear plates showed that two individual chromosomal fragments hy- 
bridizing to the probes were observed for 45 (90%) nuclear plates. These two chromosomal fragments were thought 
to be human chromosome #14 fragment SC20 and human chromosome #22 fragment C68 t respectively. Therefore, 
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NLH(CH01) strain was confirmed to retain the chromosome #14 fragment SC20 and the chromosome #22 fragment 
C68 simultaneously. 

Examole 1 06 Detection and quantification of human antibodies in sera of the chimeric mice produced by injecting 
Snous antibody heavy-chain and Kchain gene deficient mouse ES cells retaining the human chromosome #14 
\ fragment SC20 and (he human chromosome #22 fragment C6B into immunodef icient mouse host embryos 

f04301 A chimeric mouse was produced by the method shown in Example 1 0 and the like from the mouse ES cell 
in^LHfCHOlTobtained in Example 105. The host embryo used herein was an embryo at the 8«ell stage obtained 
by matin ^JSS^ -Soi neavy-cnain knockout mice establtehed in Example 67-(1 ). A tota. of 307 Injected 
enZos were Wanted so that 32 progeny mice were born. Whether progeny are chimeric or not was determ.ned 
coat co or Lt is, if progeny exhibits wild type color (dark brown) among white coat color derived from the 
ho IT (ICR ■ it is de eLl as a chimeric mouse. Fourteen out of 32 progeny mice bom dearty exhibited w d 
ml coSor fo which the contribution of the ES cells was confirmed. These results confirms that the endogenous 
Sbody Sy'-chain gene- and k chain gene-deficient mouse ES cell line NLH(CH01). retaining human chromosome 
#?4 foment SC20 and human chromosome #22 fragment C68 simultaneously, retains ch.mera-form.ng ab.lity. that 
i<* rptains the ability to differentiate into normal mouse tissue. 

0«lT B*od was coHected from 6 to 1 0 week-o.d chimeric mice derived from NLH (CH01). and subjected to EL.SA 
according i o Examples 14, 32 and 85, for quantification of various human immunoglobulin concentrations and mouse 
SutX«2?T*-ln concentration in sera. Table 29 shows the resuK. High concentrations of human, t chai^y 
22 ™ IX chain were detected in sera of the chimeric mice. The mouse X chain carrying und.srupted genes was 
Bkn fiptocted however, its concentration was lower than that of human X chain. . « u - 

S^hese ^"suggested that the expression of complete human antibody molecules cons.st.ng of human 

eav?^ 

of huTan Teaw^hain and mouse X chain. That is, it was confirmed that the human chromosome mtroduced v.a the 
chicten DT 47cel. functions in the mouse and protein encoded by the human gene on the human chromosome .s 

rSHransfer of fragment C68 from the chimeric mice to its progeny mice was examined by the method ^described 
rExamDle 68 (4) Thus a mouse strain retaining fragment C68 and transferring It to progeny was establKhed. The 
etenZof Uagment C68 in the mouse strain is shown by PGR and FISH ana.ysis (Example 105). Furthermore a 
mouststra ^68+8020) retaining both fragments SC20 and C68 can be obtained by mating thismouse with he 
mouse st a n retaining and transferring chromosome #14 fragment SC20 to its progeny. The expression, , of complete 
Zan anybody mollies consisting of human IgX chain, human Ig heavy-chain and human IgX cha.n/heavy«ha,n 
in the mouse strain (C68+SC20) is confirmed by the method described in Example 65. 



Mouse name 


Human u. chain (mg/l) 


Human y chain (mg/l) 


Human X chain (mg/l) 


Mouse X chain (mg/l) 


C-1 


840 


90 


1300 


150 


C-3 


560 


170 


470 


170 


C-1 2 


980 


650 


1700 


440 



Examole 1 07 Preparation of a HSA-specific human antibody-producing hybridoma from the chimeric mice produced 
bySing endogenous antibody heavy-chain and k chain gene- deficient mouse ES cells which reta.n human 
cnromosome #1 4 fragment SC20 and human chromosome #22 fragment C68. into immunodef .cent mouse host 
embryos. 

[0434] The chimeric mice C-10 (derived from NLH(CH01); 30% chimerism) as produced in E ™P* 1 " ^ £ 
Lnized wfth HSA. A HSA solution 0.25mg/ml was prepared by mixing human semm albumin ^J^£™> 
dissolved in PBS and an adjuvant (TtterMaxGold. Cytrx). The mouse was immun.zed twice with 0.15ml of the HSA 
Sullo.05 ml each was injected subcutaneously at three positions in total) Jnrtia, 

?hV7 week-old mice, and 21 days later, a second immunization was performed. According to Example 61 or 66, ant - 
HSA anTbody concentration in sera diluted 1 :100 was measured. Figure 75 shows the resuUs. S,n« >an .ncrease 
antmSA human antibody concentration was confirmed, final immunization was performed on day 30 with HSA dis- 
solved^ PBS One clone producing HSA-specHic human u chain and human X chain was obta.ned by the product.cn 
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DT-40 cell binds specifically to HSA and is functional. 

c m „ip 1 m Retention of the introduced human chromosomal fragments by the somatic cells of the chimeric mice 
10436] Fibrob.asts derived from the taite of the chimeric mice C-1 2(derived frorr S^p^STn 

of the chimeric mouse retains two types of chromosomal fragments. 

SSSSSS553S35SSS 

immunodeficient mouse host embryos. 

ro4371 The hybridomas as obtained in Example 84-(3) were subjected to selection culture in »• j>«^^®J 1 ' 
treating diseases such as HIV and melanoma. 

c m mo no Preoaration of a complete human antibody-producing hybridoma against sugar chain antigen (asialo- 
partial fragment and human chromosome #2 partial fragment. 

ro4 M1 The Tc mice HK232 as produced in Example 85 were immunized wrth asialo-GMI. An «4uvant (^L+TDM 

fpSTT a£Id IT S Product and mixed vigorously ^^^SSSl'SSS. 

G04-RIBI The mouse was immunized intraperitoneal with 0.2 ml of Gg4-RIBI and 500 wjMj J ™ 

hind to HIV-infected cells rather than HIV-uninfected cells was obtained. n 
Wih. suggest that the complete human antibody-producing hybridoma aga.ns sugar chai n «*gen 
AsTo-GMn fe obteined from the double Tc mouse. Thus obtained human antibody is expected to apply for treatment 

for diseases, such as HIV. . 
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and human chromosome #2 partial fragment. 

, [044, H^omaswereproduced^i— ^ ^ — S 
human TNF-a according to the methods of »^ 84 ™* this mixture 25 ug/mouse. Immu- 

same amount of adjuvant (Titer ^™W*^£ZZZ%« 2 to 3 weeks. After an increase in the anybody 
nization was performed ° ve ' a PP™ ma ^ with on* TNF-a solution. Then hy- 

concentration was confirmed, M ™^^^2S^3i positive for the antibody were cloned, so that 

erence into this specification. 
15 industrial Applicability 

diseases can be treated by bone *~ of diSnJpted end ° 9en ° US ^ 

[0445] The present invention provides a p uripoten t ceB » e multip Te foreign chromosomes or fragments 
By using the cell of this invention as a rec, pl em ce^ 

thereof containing thesame gene asthed^ 

a functional cell or a chimeric non-human animal, which reta,n * s,n 9'* » raame nt(s) thereof, can be produced. Ex- 
's thereof , and expresses the gene on the ^^^^ZS^^ * such a ChimeriC n ° n " 
pression of the gene on single or mult.p.e fore.g " * P^icKcl a biologically active substance. 
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30 [0446] 

(s) thereof 



Free Text of Sequence List 

35 [0447] SEQ ID NOS:1-58 and 61-74 show nucieotide sequences of primers. 

oJS SEQ ID NOS:59 and 60 show nucleotide sequences of probes. 

0449 SEQ ID NO:75 shows a nucleotide sequence of Sf. I linker. 

rn«o SEQ ID NO:76-79 show nucleotide sequences of pnmers. 

mm SS ID NO:80 shows a nucleotide sequence of Sri I linker. 

40 [0452] SEQ ID NOS:81-108 show nucleotide sequences of pnmers. 
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SEQUENCE LISTING 
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<n0> nm BEER UBWMl KA.SHA . 



40 



<130> 



<H0> 

is <!4P 



50 



<15 o> J? ^O' 236169 

<151> 1998-08-21 



<160> 108 

<17 0> Patentln Ver. 2.0 



<210> 1 
<211> 20 
<212> DNA 

<212 > Artificial Sequence 

<220> • of Artificial Sequence: Primer 

<2 23> Description of Artit 



55 



<400> 1 

tggaaggtgg ataacgccct 



<210> 2 
45 <2U> 22 



<212> DNA 

<212 > Artificial Sequence 

<220> • nf Artificial Sequence: Primer 

<223> Description of Artit 

<400> 2 
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tcattctcct ccaacattag ca 

<210> 3 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Prime 
<400> 3 

gcaatcggtc tgccggaaga 

<210> 4 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Prim 
<400> 4 

ttggatcact ttggacccag 

<210> 5 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Pn 
<400> 5 

ctctcctgca gggccagtca 

<210> 6 
<211> 22 
<212> DNA 
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<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 6 

tgctgatggt gagagtgaac tc 

<210> 7 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 7 

agtcagggca ttagcagtgc 

<210> 8 
<2U> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 8 

gctgctgatg gtgagagtga 

<210> 9 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 9 

tggtggctga aagctaagaa 

<210> 10 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
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20 



25 



30 



35 



40 



45 



50 



<220> • ,n of Artificial Sequence: Primer 

<223> Description of Arm 

<400> 10 

ccagaagaat ggtgtcatta 

<210> 11 

<211> 2° 
<212> DNA 

<212 > Artificial Sequence 

<220> - nf Artificial Sequence: Primer 

<223> Description of Artitic 

<400> 11 

tccaggttct gcagagcaag 

<210> 12 
<211> 20 
<212> DNA 

<212> Artificial Sequence 

<220> Artificial Sequence: Primer 

<223> Description of Artificial 

<400> 12 

tgtagltgga ggccatgtcc 



<210> 13 
55 <211> 20 
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<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 13 

ccccacccat gatccagtac 

<210> 14 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 14 

gccctcagaa gacgaagcag 

<210> 15 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 15 

gagagttgca gaaggggtga ct 

<210> 16 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 16 

ggagaccacc aaaccctcca aa 

<210> n 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 17 

ggctatgggg acctgggctg 

<210> 18 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 18 

cagagacaca ggcacgtaga ag 

<210> 19 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 19 

ttaagggtca cccagagact 
<210> 20 
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<2U> 20 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 20 

tgtagttgga ggccatgtcc 

<210> 21 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 21 

caaaaagtcc aaccctatca 

<210> 22 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 22 

gccctcagaa gacgaagcag 

<210> 23 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Primer 
<400> 23 

tcgttcctgt cgaggatgaa 

<210> 24 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Prime: 
<400> 24 

tcactccgaa gctgcctttc 

<210> 25 
<211> 21 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Pri» 
<400> 25 

atgtacagga tgcaactcct g 

<210> 26 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Pri 
<400> 26 

tcatctgtaa atccagcagt 
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<210> 27 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 27 

gatcccatcg cagctaccgc 

<210> 28 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 28 

ttcgccgagt agtcgcacgg 

<210> 29 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 29 

gatgaactag tccaggtgag tt 

<210> 30 

<211> 22 

<212> DNA 

<212> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 30 

ccttttggct tctactcctt ca 

<210> 31 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 31 

atagagggta cccactctgg 

<210> 32 

<211> 20 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 32 

aaccaggtag gttgatatgg 

<210> 33 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 33 

aagttcctgt gatgtcaagc 
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<210> 34 
<2H> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 34 

tcatgagcag attaaacccg 

<210> 35 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 35 

tgtgaaggag gaccaggtgt 

<210> 36 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 36 

tgtaggggtt gacagtgaca 

<210> 37 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 37 

ctgagagatg cctctggtgc 

<210> 38 
<211> 20 
<212> DNA . 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 38 

ggcggttagt ggggtcttca 

<210> 39 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 39 

ggtgtcgtgg aactcaggcg 

<210> 40 
<2ll> 20 
<212> DNA 

<2l2> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 40 



120 



EP 1 106 061 A1 



ctggtgcagg acggtgagga 

<210> 41 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 41 . 
gcatcctgac cgtgtccgaa 

<210> 42 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 42 

gggtcagtag caggtgccag 

<210> 43 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 43 

agtgagataa gcagtggatg 

<210> 44 
<211> 20 
<212> DNA 
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<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 44 

gttgtgctac tcccatcact 

<210> 45 
<2ll> 21 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 45 

ttgtatttcc aggagaaagt g 

<210> 46 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 46 

ggagacgagg gggaaaaggg 

<210> 47 
<211> 27 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 47 

atggactgga cctggaggrt cytctkc 

<210> 48 
<211> 27 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 48 

atggagyttg ggctgasctg gstttyt . 

<210> 49 
<211> 27 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 49 

atgrammwac tktgkwbcwy sctyctg 

<210> 50 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 50 

cagaggcagt tccagatttc 

<210> 51 
<2U> 20 
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<2l2> DNA 

<2l2> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 51 

tgggatagaa gttattcagc 

<210> 52 
<211> 27 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 52 

atggacatgr rrdycchvgy kcasctt 

<210> 53 
<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 53 

ccaagcttca ggagaaagtg atggagtc 

<210> 54 

<2H> 28 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 54 

ccaagcttag gcagccaacg gccacgct 

<210> 55 
<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 55 

ccaagcttca gaggcagttc cagatttc 

<210> 56 
<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 56 

gggaattcgg gtagaagtca ctgatcag 

<210> 57 
<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 57 

gggaattcgg gtagaagtca cttatgag 
<2I0> 58 
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<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 58 

gggaattcgg gtagaagtca cttacgag 

<210> 59 
<211> 60 
<212> DNA . 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Probe 
<400> 59 

accttcatcg tcctcttcct cctgagcctc ttctacagca ccaccgtcac cctgttcaag 

<210> 60 
<211> 60 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Probe 
<400> 60 

tgatgctgca ccaactgtat ccatcttccc accatccagt gagcagttaa catctggagg 

<210> 61 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Primer 
<400> 61 

ctggggtgag ccggatgttt tg 

<210> 62 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 62 

ccaacccagc tcagcccagt tc 

<210> 63 

<211> 36 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 63 

aattcccgcg ggtcgacgga tccctcgagg gtacca 

<210> 64 
<211> 36 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 64 

gggcgcccag ctgcctaggg agctcccatg gttcga 
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<210> 65 
<211> 33 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 65 

tcgaactagt aggagaagtg aacttgagga ggc 

<210> 66 
<211> 31 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 66 

tcgaactagt gattcagtga tgctgtgcag g 

<210> 67 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 67 

gagagttgca gaaggggtga ct 

<210> 68 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 68 

ggagaccacc aaaccctcca aa 

<210> 69 

<211> 24 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 69 

gagctgcaag aactcttcct cacg 

<210> 70 
<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 70 

atgactctaa ggcaggaaca tctgtacc 

<210> 71 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 71 

ctgcgtgtgt aatcgtgtcc 
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<210> 72 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 72 

tctgctgtga gtgaacctgc 

<210> 73 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 73 

aggaggcacc ttggataagc 

<210> 74 
<2U> 22 
<212> DNA 

<21 2> Ar t i f i c i al Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 74 

tcactctgac ccacgataca gc 

<210> 75 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence:Sfi I linker 

<400> 75 
ggccgcwgcg gcc 

<210> 76 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 76 

tcgaggtacc gtgagaacaa gacagagaat gagggagg 

<210> 77 
<211> 38 
<212> DHA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 
<400> 77 

tcgaggtacc taatgcagag gctctttggt gtacttgg 

<210> 78 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Priraer 
<400> 78 
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tcgagaattc agtagctggc actatctttt tggccatc 

<210> 79 
<211>. 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Printer 
<400> 79 

tcgagaattc ggagaaagaa cacacaagga ctcggtc 

<210> 80 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 80 
gcccgggc 

<210> 81 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence -.Primer 
<400> 81 

tcgaggatcc gatagagaga ttgtcttaaa tgggtggg 

<210> 82 
<211> 37 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 
<400> 82 

tcgaggatcc aacagctgga actcataaaa gcatagc 

<210> 83 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 
<400> 83 

tcgaggatcc ctttagtgaa ggcaaaggaa gggacactc 

<210> 84 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 84 

tcgaggatcc tgtaaagggg tagcctgtcc tctttcatg 

<210> 85 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Priraer 
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<400> 85 

cacatgacaa gagctcagcg 

<210> 86 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 
<400> 86 

tctgacttcc tcatgagagc c 



<210> 87 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 87 

tggatgtatc ctgtcaagag acc 

<210> 88 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 88 

cagacactct atgcctgtgt gg 

<210> 89 
<211> 22 
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<212> DNA 

<213> Artificial Sequence 



<220> „ . 

<223> Description of Artificial Sequence:Pn*er 



<400> 89 

gccctcatgg aaatctcctg gg 

<210> 90 
<211> 22 
<212> DNA 

<213> Artificial Sequence 



<220> „ . 

<223> Description of Artificial Sequence:Pnmer 



<400> 90 

gcagcaacag atggaaggcc tc 

<210> 91 
<211> 27 
<212> DNA 

<213> Artificial Sequence 



<220> ■ . 

<223> Description of Artificial Sequence -.Primer 



<400> 91 

gaacagaaag ccactcttgc tttccat 

<210> 92 
<211> 26 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 92 

accgagctgc aagaactctt cctcac 

<210> 93 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 93 

ctctcctgca gggccagtca 

<210> 94 
<211> 22 
<212> DNA 

<213> Artificial 'Sequence 
<220> 

<223> Description of Artificial Sequence :Primer 
<400> 94 

tgctgatggt gagagtgaac tc 

<210> 95 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Pnmer 
<400> 95 

tggaaggtgg ataacgccct 
<210> 96 
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<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 96 

tcattctcct ccaacattag ca 

<210> 97 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 97 

tcctcttttt ccttcctttg cctc 

<210> 98 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 
<400> 98 

attattttgg gcgttgcgtg g 

<210> 99 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence -.Primer 
<400> 99 

agtgagataa gcagtggatg 

<210> 100 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 100 

gttgtgctac tcccatcact 



<210> 101 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Pr»m 
<400> 101 

gagagttgca gaaggggtga ct 

<210> 102 

<211> 22 
<212>. DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Pn 
<400> 102 

ggagaccacc aaaccctcca aa 
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<210> 103 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Pnme] 
<400> 103 

atagcagctt tgctccttcg 

<210> 104 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Pri» 
<400> 104 

ttctctcctg cacatagccc 



<210> 105 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Pnmer 
<400> 105 

agtgagataa gcagtggatg 

<210> 106 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence :Primer 



<400> 106 

9(1 

gttgtgctac tcccatcact M 



<210> 107 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Primer 



<400> 107 

tggaaggtgg ataacgccct 

<210> 108 
<211> 22 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 



<400> 108 

tcattctcct ccaacattag ca 22 



Claims 
1 



A method for producing a cell comprising a modified foreign chromosome(s) or a f ragment(s) thereof, which com- 
prises the steps of: 

(a) preparing a microcell comprising a foreign chromosome(s) or a fragments) thereof, and transferring said 
foreign chromosome(s) or a fragments) thereof into a cell with high homologous recombination effic.ency 
through its fusion with said microcell; 

(b) In said cell with high homologous recombination efficiency, inserting a targeting vector by homologous 
recombination into a desired site of said foreign chromosome(s) or a fragment^) thereof and/or a desired srte 
of a chromosome(s) derived from said cell with high homologous recombination efficiency, thereby marking 
the desired site; and 
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(c) in said ceii wrth high homologous recombination efficiency, causing deletion and/or translation to occur 
at the marked site of said foreign chromosome(s) or a fragment^) thereof. 

The methodofclaimliwhereinapluraiityofsaidceiis with high homo.ogous recombination efficiency are subjected 
to whole cell fusion after steps (a) and (b) and are subjected to step (c). 

The method of claim 2, wherein a plularity of said cells with high homologous recombination efficiency each com- 
prises a distinct foreign chromosome(s) or a fragment(s) thereof. 
k . The method of claim 1 , wherein said cell comprising a modified foreign chromo S ome(s) or a fragment(s) thereof 
is an animal cell. 

5. The method of claim 4, wherein said animal cell is a mammalian cell. 

B. The method of claim 4, wherein said animal cell is a non-human animal cell. 

7 . The method of claim 1 , wherein said targeting vector contains a telomere sequence which is introduced into a 
desired site by insertion of the targeting vector. 

8. The method of Cairn 2, wherein said deletion occurs at a site into which said telomere sequence has been intro- 
duced. 

recombination enzyme is introduced. 

11. ThemethodofclaimlO.whereinsaidtranslocationoccursbetweenaplulantyofforeign chromosomes orfragments 
thereof. 

12. The method of claim 11. wherein a plularity of said foreign chromosomes are derived from the same species. 

13. The method of claim 12, wherein said same species is a human. 

14. The method of claim 1 1 . wherein a plu.arfty o, said foreign chromosomes are derived from different species. 

1 5. The method of claim 1 4, wherein said species are a human and a mouse. 

1« The method of claim 10 wherein said translocation occurs between a foreign chromosome(s) or a fragment(s) 
1 Z^^Zlm derived from said eel, with high homo.ogous recombinat.on effcency. 

17. The method of claim 9, wherein said site-directed recombination enzyme is a Cre enzyme. 

18. The method of claim 9. wherein said recognition sequence for a site-directed recombination enzyme is a LoxP 

sequence. 

19. The method of claim 1 . wherein said cell with high homologous recombination efficiency is an embryonic stem cel. 
(or ES cell). 

20. The method of claim 1 , wherein said cel. with high homo.ogous recombination efficiency Is a chicken DT-40 cell. 

21 The method of c.aim 1 . which further comprises a step of screening a cel. comprising said foreign chromosome 
* ( S ) or a fragments thereof in which deletion and/or translocation has occurred. 
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22. The method of claim 21 . wherein said screening is based on expression of a marker gene. 

23. The method of claim 22, wherein said marker gene is a drug-resistance gene. 

24. The method of claim 22. said marker gene is a green fluorescent protein-encoding gene derived from the jellyfish 
Aequorea victoria or a modified gene thereof. 

25. The method of claim 1 , wherein said foreign chromosome(s) or a fragment(s) thereof is derived from a human. 

26. Amethodfor P roducin g achimericn 0 n-hum a nanimalcom P risingamodifiedforeignchromosome(s)orafragment 
(s) thereof, which comprises the steps of: 

" (a) preparing a microcell comprising a foreign chromosome(s) or a fragments) thereof, and transferring , said 
foreign chromosome(s) or a fragment(s) thereof into a cell with high homo.ogous recombination efficiency 

SL . desi S oi said foreign chromosome(s) or a fragment(s) thereof, and/or a desired site of £ chromo- 
rome(s) derived from said cell with high homologous recombination efficiency, thereby marking sa.d desired 

t)ln said cell with high homologous recombination efficiency, causing deletion and/or translocation to occur 
at the marked site of said loreign chromosome(s) or a fragment(s) thereof; and 

t Paring a microcell composing said foreign chromosome(s) or • V^^^^lIS "2 
translocation has occurred, and transferring said foreignchromosome(s) or af ragment(s) thereof into a plunpo 
tent non-human animal cell through its fusion with said microcell. 

27 The method of claim 26, wherein a plurality of said cells with high homologous recombination efficiency are sub- 
" jected to whole cell fusion after steps (a) and (b) and are subjected to step (c). 

28 The method of claim 27, wherein a plurality of said cells with high homologous recombination efficiency each 
comprise a distinct foreign chromosome(s) or a fragment^) thereof. 

29. The method of claim 26, wherein said targeting vector comprises a telomere sequence which is introduced into a 
desired site by insertion of the targeting vector. 

30. The method of claim 29, wherein sa^^ 

31 The method of claim 26, wherein said targeting vector comprises a recognition sequence for a «^irected 

' Iomb»n enzyme, and said recognrtion sequence is introduced into a desired site by insertion of the target.ng 

vector. 

32 The method of claim 31 . wherein a vector, which is capable of expressing a site-directed rec ° mbi " a «°"^y m ^j 
IsmSucL into said cel. with high homologous recombination efficiency simultaneously with insertion of 
^d tameting vector comprising said recognition sequence for a site-directed recombinat.o " enzyme so ,h at an 
ac t j of a?d sKe-directed recombination enzyme is expressed, resulting in deletion ™«™«™^™°\ S * ld 
Sgn chromosome(s) or a .ragment(s) thereof at a site into which said recogn rt .on sequence is mtroduced. 

33. Themethodofclaim32,whereinsaidtranslocationoccursbetweenapluralityofforeignchromosomesorfragments 

thereof. 

34 The method of claim 32, wherein said translocation occurs between said foreign chrom osome(s) or a fragment(s) 
thereof and said chromosome(s) derived from said cell with high homologous recomb.nat.on efficiency. 

35. The method of claim 31 . wherein said site-directed recombination enzyme is a Cre enzyme. 
. 36. The method of claim 31. wherein said recognition sequence for site-directed recombination enzyme is a LoxP 

sequence. 

37. The method of claim 26, wherein said cell with high homologous recombination efficiency is an embryonic stem 
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cell (or ES cell). 

™ «,od of claim 26 which further comprises a step of screening ceils comprising a foreign chromosome(s) 
5 M - KC^?^'^ de,et ' 0n a^or transiocation has occurred. 

40. The method of c.aim 39, wherein said screening is based on expression of a marker gene, 
10 41 The method of ciaim 40, wherein said marker gene is a drug-resistance gene. 

■ 42T he method o, c.aim 40, the marker gene 
Aequorea victoria or a modified gene thereof. 

. 43. The me.hod 0, — 26. where, - ^"SC!^^^ 3 ? 

" 4. The method ot cairn 26. .aid olurlpotent cell Is « embryonic s.em cel. (or ES cell). 

45 The method o. o* 26, said .-*» chromosome,.) o, a .ragmen*, .here., Is derived ,,.m a human. 

of which comprises the steps of: 

S, e i„ said C. w,h h, 9 h homCOOd. recmh.n.ti.n nc,. -j*"** """>' "'"^ " 
igg derrved from a homologous non-human animal of the same spec.es. 

' a distinct foreign chromosome(s) or a fragment (s) thereof. 
4 S ™me,hod 0,0^46, where, seld , W «h 9 .eCo, compr.e, a .elomer. sed.e.cwh.h „n«od 0 ced ,„,. 
so ' a desired site by insertion of the targeting vector. 

M Theme«do,o,,m4S.wher.in,. M de«„^ 
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10 
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40 



55. The m»h« c, - 1 . — . - ™— — . " ' — " ' 

cell (or ES cell). 

58 The method of claim 46, wherein said cell with high homologous recombination efficiency Is a chicken 

=, e n of screening cells containing a foreign chromosome(s) or 

5 ^ag^^ 

61 . T hemethodo,c,a^ 

TeTyffch lqu«* v/rforfa or a modified gene thereof. 

n « nroduced from said cell with high homologous 
m The method of claim 46, wherein, in the step (d) ' « J ° f inwhich deletion and/ortranslocation 

6 Recombination efficiency;^ 

haveThas occurred, is/are transferred into a CHO ceH th ough - ts f us.o ^ ^ 

^^^^ 

crocell 

u ^onimai is a culture cell derived trom an embryo or a 
64. The method of Cairn 46, said cel. derived from a non-human an.ma. 

blastocyst. ' ' „ qH ..u 

65 The method ol cteim46, saidcellflerivedlrom a non-human animal is acultuteoellderivedtiom a tetusoi en adult. 

. CT ™em.,ho.o 1 c,e ta «,. a ,o*«ome ( s,o.— , the.eotls de.ed „om a hum., 

i ,r an m e nt(s^ obtained by deletion of a foreign chromosome(s) 
68. A non-human animal, which retains a chromosomal fragment^ V 
or a fragment(s) thereof. 

Xoiwaignchromosomesorlraomentsthereot. 
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B2. Tna non-numan animal o( claim which is an 8Vi |^ 

„. -ma ncn-numan animal »l **» ™. -** »•*"*"• ^wn*cj«on 

which 

(OamarKergeneandte.om^ 

Ji a recognition seouence tor s«e ^ ^ ^ ^ ^ ^ steps 0 , 

A0 85. Ametho d formodifylngafore ig nchromosome(s)orafragme ( hefeo1| and transferring said 

foreiqn chromosome(s) or a rragn homologous 
^l»tu^^tl»n.lc«* tjon efficiency, inserting 

, c) ,„ said call ^. 0 X«^sc™(s)« a l-.9man« «»»l. 

.hem.rtKdsrcolsaKMC.cnc mer . s «,, uere o dadvad »om . Mman chromcsoma 

86. An a-*' ^"^^^^^ «.=cmWna«.n aniyma. 

,„.r*1.anda.«c«gn.t»nswsnc „ s «, ue n =e l»,.slt^<»n«t.d.acomblna»»n 

88. A recombinant chromosome or a fragme 
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FIG. 7 



153 



EP1 106 061 A1 



l 



23kb ■ 

9.4kb- 

6.6kb- 



2.3kb- 



FIG. 8 



154 



EP 1 106 061 A1 



23kb- 
9.4kb- 
6.6kb- 



2.3kb- 



FIG. 9 



155 



EP1 106 061 A1 



NAMES OF POLYMORPHIC 




14 



FIG. 10 



156 



EP1 106 061 A1 



S ^ 

Q a 



8 

z 

O 



CO 

H C5 S 
* w S 
< > £ 



w CO 

> > 

H < 

03 O 

O W 

&> Z 



a: 
w 

& 
< 

« 

o 

H 
W 

< 
a 
z> 
u 
w 

o 



• Q_i; • ' J= O O ^ 

cq ^ co I _j h o. c -> 




157 



EP 1 106 061 A1 



100%"I 



% RESISTANCE 5Q%- 



0% 



+G418/-G418 



19% 



40% 



m 



32% 



IPS 

mm 



ICR K3-2-1 K3-2-3 Kl-4-1 

L — CHIMERIC MICE ^ 



FIG. 12 



158 



EP1 106 061 A1 



FIG. 13 



18 
16 
14 
12 



^10 

J, 

co o 



■ K3-1-1 
□ K3-2-1 




0 8 

DAYS AFTER FIRST IMMUNIZATION 



159 



EP1 106 061 A1 
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